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An  automated  general  purpose  system  for  analysis  is  pre¬ 
sented.  This  system,  identified  by  the  acronym  "MAGIC  II"  for 
Matrix  Analysis  via  Generative  and  Interpretive  Computations,  is 
an  extension  of  structural  analysis  capability  available  in  the 
initial  MAGIC  System.  MAGIC  provides  a  powerful  framework  for 
implementation  of  the  finite  element  analysis  technology  and  pro¬ 
vides  diversified  capability  for  displacement,  stress,  vibration 
and  stability  analyses. 

The  matrix  displacement  method  of  analysis  based  upon 
finite  element  idealization  is  employed  throughout.  Ten  versatile 
finite  elements  are  incorporated  in  the  finite  element  library. 

These  are  frame,  shear  panel,  triangular  cross-section  ring,  tra¬ 
pezoidal  cross-section  ring  (and  core),  toroidal  thin  shell  ring 
(and  shell  cap),  quadrilateral  thin  shell  and  triangular  thin  shell 
elements.  Additional  elements  include  a  frame  element,  quadrilateral 
plate  and  triangular  plate  elements  which  can  be  used  for  both 
stress  and  stability  analysis.  The  finite  elements  listed  include 
matrices  for  stiffness,  mass,  incremental  stiffness,  prestrain  load, 
thermal  load,  distributed  mechanical  load  and  stress. 

The  MAGIC  II  System  for  structural  analysis  is  presented 
as  an  integral  part  of  the  overall  design  cycle.  Considerations 
in  this  regard  include,  among  other  things,  preprinted  input  data 
forms,  automated  data  generation,  data  confirmation  features,  re¬ 
start  options,  automated  output  data  reduction  and  readable  output 
displays. 

Documentation  of  the  MAGIC  II  System  is  presented  in  three 
parts;  namely.  Volume  I;  Engineer's  Manual,  Volume  II:  User's 
Manual  and  Volume  III:  Programmer's  Manual.  The  subject  document. 
Volume  II,  contains  instructions  for  the  preparation  of  input  data 
and  interpretation  of  output  data. 
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SECTION  I 


INTRODUCTION 


The.  MAGIC  II  Systems  for  Structural  Analysis  is  a  logical 
extension  of  the  original  MAGIC  System  reported  in  References 
1,  2  and  3.  All  capabilities  available  from  the  original  MAGIC 
System  have  been  retained.  Extension  of  the  program  capability 
is  primarily  in  the  following  areas. 

(a)  The  implementation  of  four  additional  finite  element 
representations  and  their  associated  element  matrices. 

(b)  The  improvement  of  output  displays-  to  facilitate  ease 
of  interpretation  by  the  User. 

(c)  The  provision  of  an  "Agendum  Library"  to  accommodate 
the  following  classes  of  analyses: 


(1) 

^Statics 

(2) 

Statics  with 

Condensation 

(3) 

Statics  with 

Prescribed  Displacements 

m 

Stability 

(5) 

Dynamics  (Modes  and  Frequencies) 

(6)  Dynamics  (with; Condensation) 

(d)  The,  addition  of  ah  out-of-core  eigenvalue  routine  for  non- 
symmetric  matrices  based  on  the  power  method  "on  the 
order  of"  3000  x  3000. 

(e)  The  addition  of  improved  and  expanded  error  diagnostics. 

(f )  The  addition  of  a  prescribed  displacement  option  to 
accommodate  more  than  one;  load  condition  per  execution. 

(ft).  The  addition  of  the  capability  .to  accept  either  rec¬ 
tangular,  cylindrical  or  spherical  coordinates  as  input  data 

,  .  V  ,  .  I 

(h)  The  addition  of  miscellaneous  arithmetic  modules  to 
the  System- to  support  the  computational  procedures. 

(i)  The  addition  of  a  new  assembly  module- to  increase  the 
permissible  assembled  system  matrix  size. 
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Numerous  other  extensions  have  been  provided  with  the  MAGIC  II 
System.  These  extensions  will  be  delineated  in  detail  in  the  Sec¬ 
tions  to  follow. 

The  MAGIC  II  System  is  made  up  of  three  primary  functional 
elements;  namely.  Preprocessor,  Execution  and  Structural  Monitors. 

The  organizational  interrelation  of  these  monitors  is  considered 
in  Volumes  I  and  III  of  this  report  (References  4,  5).  Of  interest 
here  are  the  interfaces  of  these  monitors  with  the  MAGIC  System 
User. 

The  Preprocessor  Monitor  relies  wholly  upon  the  FORMAT  System 
for  its  capability.  'This  Monitor  has  the  responsibility  for  read¬ 
ing  and  interpreting  FORMAT  data,  setting  ^system  parameters,  allo¬ 
cating  available  internal  and  external  storage,  and  translating  the 
input  abstraction  instructions  into  a  form  useable  by  the  Execution 
Monitor.  Under  normal  operation  of  the  MAGIC  System  for  structural 
analysis.  User  provided  data  to  the  Preprocessor  Monitor  consists 
of  a  preset  control  deck.  On  the  other  hand,  nonstandard  operation 
of  the  MAGIC  System  to  perform  matrix  algebra  requires  development 
of  a  complete  problem  oriented  control  deck  for  the  Preprocessor 
Monitor.' 

The  Execution  Monitor  carries  out  instructions  passed  from  the 
Preprocessor  Monitor  <and  has.  no  Interfaces  with  the  MAGIC  System 
User..  The  primary  input  data  interface,  resides  in  the  Structural 
Monitor-..  Modules  underlying  the  Structural  Monitor,  .read,  interpret, 
and  =store  the  structure  input,  .generate  the  requested; -matrices,  and. 
furnish  these  matrices  in  a  form  useable  by  the,  Executive  Monitor. 

Corresponding  to  the  computational  flow  through  the  MAGIC  Sys¬ 
tem,  Section  II  of  this  report  begins  with  a  description  of  the 
general  arrangement  of  the  MAGIC  II  System  and  continues  with  a  desr 
-cripti.cn  of  the  options  available  to  the  user  via  the  available  ab¬ 
straction  instructions.  Attention  is  then  focused  upon  the  struc¬ 
tural  data.  Preprinted  input  data  sheets  are  described  that  facili¬ 
tate  the  specification  of  structural  data. 

Section  III  is  devoted  to  interpretation  of  the  output  from 
the  MAGIC  II  System.  Print  options  which  provide  precise  User  ori¬ 
ented  output  are  enumerated  by  reference  to  specific  example  problems 
These  examples  utilise  each  of  the  finite  elements  which  comprise 
the  MAGIC  II  System  element  library 


SECTION  II 


INPUT  TO  THE  MAGIC  II  SYSTEM 


A.  INTRODUCTION 

-  The  MAGIC  II  System  presents  two  input  data  interfaces  to 
the  Structural  Analyst.  The  first  encountered  is  referred  to  as 
the  System  Input  Data  interface.  The  System  data  instructs  the 
program  as  to  what  operations  should  be  performed  during  any  exe¬ 
cution.  These  operations  may  be  viewed  as  the  interpretive  por¬ 
tion  of  the  MAGIC  System.  For  example,  the  matrix  abstraction  in¬ 
structions  which  are  required  to  perform  a  structural  analysis  are 
System  Input  Data.  These  instructions  along  with  all  other  Sys¬ 
tem  options  available  to  the  User  will  be  discussed  in  detail  in 
the  next  section. 

The  second  input  data  interface  with  the  User  concerns  the 
Structural  Input  Data.  For  example,  grid  point  coordinates  and 
boundary  condition  information  are  viewed  as  Structural  Input 
Data.  This  problem  oriented  data  accounts  for  nearly  all  the 
effort  expended  in  conducting  structural  analyses. 

Separate  subsections,  devoted  to  instructions  for  the  speci¬ 
fication  of  System  and  Structural  Input  Data  follow  utilization  of 
both  types  of  data  is  covered  in  depth.  An  in  depth  description  of 
detailed  instructions  on  carrying,  out  general  matrix  computations  is 
presented  in  Reference  6.  Options  frequently  used  in  the  MAGIC  II 
System  are  clearly  delineated  in  the  next  section. 

B.  SYSTEM  INPUT  .DATA 

1.  General  Description 

•Die  general  arrangement  of  .the  MAGIC  II  digital  computer  pro¬ 
gram.  system  is  shown  in  Figure  Il-a:  The  supervisory  program  consists 
of  the"  FORMAT  control  and  two  monitors;  the  Preprocessor  Monitor, 
and  the  Execution  Monitor.,  The  main  program  controls  the  normal 
two  phase  operation  by  delegating  control,  in  turn,  to  the  two 
monitors. 

The  preprocessor  Monitor  directs  the  processing  of  card  input 
data  describing  the  machine  configuration,  the  problem  specification, 
the  abstraction  instruction  sequence  and  the  matrix  data. 

A  standard,  modified  standard,  or  totally  new  machine  configura¬ 
tion  may  be  defined  for  each  MAGIC  II  case. 


Figure  Il-a  MAGIC  II  -  Digital  Computer  Program 


General  output  format  and  labeling  information,  and  identify¬ 
ing  names  of  the  master  input  and  output  data  sets  (tapes)  con¬ 
stitute  the  problem  specification  data. 

The  matrix  and  pseudo-matrix  operations  are  input  in  the  re¬ 
quired  sequence  of  execution  in  the  abstraction  instruction  sequence. 
Abstraction  instructions  are  submitted  in  free  form  on  standard 
Fortran  coding  sheets  for  punched  card  reproduction. 

Card  input  matrix  data  are  specified  on  a  standard  form. 

Matrices  may  be  of  order  3000x3000,  and  may  contain  up  to  6000 
randomly  ordered,  single  precision  real  elements,  using  45600 
words  of  storage  on  an  IBM  360/65  Digital  Computer. 

For  the  general  case,  preprocessing  involves  straightforward 
sequential  processing  of  data  by  each  of  the  modules  under  the 
Preprocessor  Monitor.  Special  preprocessing  can  be  specified  by 
proper  use  of  the  control  cards  described  in  Section  ii.b.2. 

The  final  preprocessor  operation  is  to  pre-plan  the  data 
storage  allocation  through  the  problem  and  to  record  this  program 
of  the  "complete  problem  solution  logic"  for  use  by  the  Execution 
Monitor. 

The  Execution  Monitor  directs  the  processing  of  data  by  the 
various  operational  modules  according  to  the  program  prepared  by 
the  Preprocessor  Monitor. 

The  standard  matrix  operational  modules  provide  for  matrix 
addition,  subtraction,  multiplication,  and  transpose  multiplication, 
with  optional  concurrent  scaling*  and  for  matrix  scalar  multiplica*? 
tion,  transposition,  adjoining,  dejoining,  and  inversion.  Modules 
for  the  solution  of'  simultaneous,  equations  by  elimination  and  itera¬ 
tive  techniques  complete  the  basic  standard  matrix  operation  capa¬ 
bility  ^of  the  system. 

The  pseudo-matrix  operational  modules  provide  for  the  element 
by  element,  multiplication  of  two  matrices  of  identical  order,  the 
elements  of  a  matrix  to >be  raised  to  a  scalar  power,  the  extraction 
of  the  algebraic  maximum  and  minimum  elements  of  the  rows  or  columns 
of  a  matrix  (i.e.,  the  envelope  of  a  matrix),  the  diagcnalization  of 
a  row  or  column  matrix,  the  generating-  of  null  and  identity  matrices, 
and  the  renaming  of  a  matrix.  Included  in  the  classification  of 
pseudo-matrix  operational  modules  is  the  "Structure  Cutter"  subrou¬ 
tine  which  generates  a,  well  conditioned  solution  of  "n"  linear 
simultaneous  equations  in  "m"  unknowns  by  Jordanian  elimination  (where 
n  Am). 


Matrices  produced  as  the  results  of  standard  and  pseudo-matrix 
operations  may  be  as  large  as  3000x3.000  witn  no  restriction  on 
population  density.  Storage  of  matrix  data  is  by  column  sort,  and 
when  individual  column  population  density  is  less  than  50  percent, 
storage  is  in  compressed  format.  In  compressed  format,  each  non¬ 
zero  element  and  its  corresponding  row  location  are  sequentially 
stored,  and  zero  elements  are  omitted.  Where  feasible,  the  sub¬ 
routines  operate  directly  on  the  compressed  data. 

MAGIC  II  includes  two  subroutines  for  the  calculation  of  eigen¬ 
values.  The  first  subroutine  calculates  the  specified  number  of 
eigenvalues,  beginning  with  the  largest,  and  the  corresponding 
eigenvalues  of  a  matrix,  whose  maximum  order  is  limited  by  the  work¬ 
ing  core  storage  available  to  the  subroutine.  Typically,  with  a 
32K  storage  unit,  the  matrix  may  be  as  large  at  160  x  160.  This 
subroutine  is  written  for  a  real  symmetric  matrices  only.  The 
second  subroutine  also  calculates  the  specified  number  of  eigenvalues 
and  eigenvectors  beginning  with  the  largest  eigenvector.  However, 
the  real  eigenmatrix  can  be  symmetric  or  nonsymmetric  and  the  only 
limit  on  its  order  is  the  amount  of  working  storage  available  to  the 
MAGIC  system.  For  example,  with  a  32K  storage  unit,  the  matrix  may 
be  as  large  as  2000  x  2000. 

Up  to  nine  special  operational  subroutines  can  be  coded  by  the 
user  and  added  to  the  system.  The  fourth  user  coded  module  is  the 
structural  generative  system  of  MAGIC  and  will  be  described  in 
Section  II.B.2.d. 

The  sequence  of  operation  is  controlled  by  simple  abstraction 
instructions  prepared  by  the  user,  keypunched,  and  read  directly 
by  the  machine.  Comments,  may  be  included  in  the ’abstraction  in¬ 
struction  sequence  for  explanation  of  the  results. 

Limited  logic  is  available  in  the  form  of  a  conditional  trans¬ 
fer.  A  matrix  may  be  tested  f or  hulllty  and,  if  true,  control  will 
be  transferred  forward  to  a  specified  abstraction  instruction  in 
the  sequence.  Conditional  transfer  is  limited  to  a  "skip  ahead" 
in  the  abstraction  instruction  sequence. 

Matrices  can  be  printed  in  a  standard  form,  with  small  number 
suppression  and  rbW-columh  labeling.  The  matrix  elements  are  printed 
as  floating  point  numbers  with  optional  exponent. 

The  normal  printed  output  for  a  MAGIC  II  case  includes  a  list¬ 
ing  produced  by  the  preprocessor.  The  listing  unconditionally  in¬ 
cludes  all  control  and  specification  data  together  with  the  complete 
abstraction  instruction  sequence.  The  listing  will  also  include 
matrix  input  data,  special  input  data,  and  the  machine  generated 
"complete  problem  solution  logic"  if  the  appropriate  options  are 
chosen  in  the  control  data. 
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2. 


INPUT  DATA 


a.  Organization 

The  input  data  for  a  general  case  consist  of  control 
and  specification  data,  the  abstraction  instruction  sequence,  and 
problem  data.  Control,  machine  configuration  and  problem  speci¬ 
fication  data  constitute  the  control  and  specification  data. 

Matrix  and  special  (non-matrix)  data  constitute  the  problem  data. 

These  data  must  be  sequenced  as  follows. 

(1)  Machine  configuration  data 

(2)  Problem  specification  data 

(3)  Abstraction  instruction  sequence 

(A)  Matrix  data 

(5)  Special  data 

where  each  section  is  preceded  by  a  control  card  which  indicates 
the  beginning  of  and  the  options  chosen  for  that  section.  The 
last  section  is  followed  by  a  control  card  indicating  the  end  of 
all  input  to  a  MAGIC  case.  The  typical  deck  set-up  is  shown  in 
Figure  II-b. 

Columns  73  to  80  of  all  card  input  data  are  used  for 
card  handling  purposes  in  keeping  with  normal  MAGIC  procedure. 

b.  Control  and  Specification  Data 
- (1)  Control  Cards 

The  general  format  for  control  cards  is  as  follows. 

Card  Column  Contents 

1  $ 

2-15  Control  card  name,  left  justified 

16-72  Variable  field  information 

(options ) 

„  The  following  are  MAGIC  control  cards  for  the  five 
sections  of  input  data  and  the  end  of  input  data  respectively:  $MAGIC, 
$RUN,_  ^INSTRUCTION,  $MATRIX,  $SPECIAL  and  $END, 

Summary  examples  of  code  for  the  available  control  and 
specification  data  are  shown  in  Table  I. 


Figure  II4b  -  Typical  MASIC  II 


The  $MAGIC  card  indicates  the  beginning  of  a  MAGIC 
ca.se  and  the  options  control  the  machine  configuration  that  is 
used  during  the  running  of  the  case.  The  form  of  the  card  is: 

1  16 

$MAGIC  STANDARD 

where  the  option  available  to  the  engineering  user  is : 

STANDARD  -  the  standard  machine  configura¬ 

tion  ir  used  for  this  run. 

In  the  implementation  of  the  MAGIC  II  System  at  any 
installation  a  standard  logical  machine  configuration  is  compiled 
into  the  machine  configuration  processor  module.  This  logically 
defines  the  data  processing  capability  of  tne  computing  hardware 
at  the  particular  installation  and  may  require  temporary  modifi¬ 
cation  due  to  day-to-day  variations  in  the  machine  resources 
available.  To  this  end  options  are  provided  on  the  MAGIC  card 
to  allow  such  temporary  changes  by  the  entry  of  appropriate  machine 
configuration  data  cards  (Reference  5).  Modification  of  the  stan¬ 
dard  configuration  is  properly  a  function  of  specialists  in  sys¬ 
tems  maintenance,  and  the  STANDARD  option  will  always  be  chosen, 
therefore,  by  the  engineering  user  and  may  be  omitted. 

The  $RUN  card  indicates  the  beginning  of  the  problem 
specification  data  and  the  options  control  the  manner  in  which 
the  case  is  executed.  The  form  of  the  card  is: 


1 

16 

f GO  .  NOLOGIC 

$RUN 

LnOGO  ,  LOGIC 

where  the  execution  options  are: 

GO 

-  the  case  is  executed  after 
it  has  been  preprocessed. 

N0G0 

-  the  case  is  not  executed  and 
the  run  is  terminated  after 
all  preprocessing  is  complete 

NOTE:  The  underlined  option  is  the  default  option  and 
will  be  taken  if  no  option  is  specified. 
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and  the  logic  options  are: 

MOLOGIC  -  no  listing  of  the  problem  solution 

logic  is  given. 

LOGIC  -  a  listing  of  the  complete  problem 

solution  logic  is  given  showing 
the  complete  sequence  of  instructions 
to  be  executed  and  the  associated 
external  storage  allocation  for  the 
case.  This  is  included  as  part  of 
the  preprocessor  output. 

The  ^INSTRUCTION  card  indicates  the  beginning  of  the 
abstraction  instruction  sequence  and  the  options  define  the  type 
of  abstraction  sequence  which  is  entered.  The  form  of  the  card 
is : 

1  16 


( SOURCE 
$INSTRUCTION < 

{.  NOSOURCE 


where  the  options  are: 

SOURCE  -  the  abstraction  instruction  sequence 

is  card  input. 

NOSOURCE  -  (this  option  is  provided  for  future 

development  of  a  method  of  entry 
of  frequently  occurring  abstraction 
sequences.) 

The  $MATRIX  card  indicates  the  beginning  of  the  matrix 
data  and  the  options  define  whether  the  matrix  data  is  included' 
in  the  preprocessor  output.  The  form  of  the  card  is: 


$MATRIX 


NOLIST 

LIST 


NOPRINT 


PRINT 


where  the  options  are: 

NOLIST 


LIST 


-  the  card  images  of  the  matrix  data 
are  not  printed. 

-  the  card  images  of  the  matrix  data 
are  printed  as  they  are  read. 
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NO PRINT  -  the  matrix  data  are  not  printed 

after  sorting. 

PRINT  -  the  matrix  data  are  printed  after 

being  sorted  by  row  and  column. 

The  ^SPECIAL  card  indicates  the  beginning  of  the 
special  (nonmatrix)  data  "and  the  options  define  whether  the 
special  data  is  included  in  the  preprocessor  output.  The  form 
of  the  card  is: 


1 


^SPECIAL 


where  the  options  are: 

NOLIST 


LIST 


The  $END  card  indicates  the  end  of  all  card  input 
data  to  a  FORMAT  case.  The  form  of  the  card  is: 

1  16  72 

$END  (any  variable  text) 

The  c  ontents  of  the  $END  card  are  reproduced  as  the 
last  line  of  printed  output  for  a  case. 

The  standard  options  on  the  control  cards  are  shown 
underlined,  and  these  are  automatically  selected  if  the  option 
field  Is  blank. 

^MATRIX  and  $SPECIAL  cards  are  required  if  matrix  data 
and  special  data  are  submitted,  respectively.  All  other  control 
cards  are  unconditionally  required. 

(2)  Machine  Configuration  Data  Cards 

The  machine  configuration  data  cards  define  the  logical 
machine  configuration  used  during  the  running  of  the  case  if  the 
standard  configuration  is  temporarily  modified.  No  entries  are 
made  when  the  STANDARD  option  is  entered  on  the  $MAGIC  control  card. 
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NOLIST 

LIST 


-  the  card  images  of  the  special 
data  are  not  printed. 

-  the  card  images  of  the  special  data 
are  printed  as  they  are  read.  This 
option  applies  only  when  the  NOGO 
option  is  entered  in  the  $RUN  card. 


12 


■  —  r - r  f'  - 


(3)  Problem  Specification  Data  Cards 

The  problem  specification  data  cards  provide  general 
output  format  and  labeling  information  and  identify  the  master 
input  and  output  tapes  that  are  used  by  the  problem.  The  follow¬ 
ing  are  problem  specification  data  cards :  ANALYSIS,  PROBLEM, 

INPUT  TAPE,  OUTPUT  TAPE,  and  PAGE  SIZE. 

The  ANALYSIS  card  provides  labeling  information  for 
the  listing  of  the  abstraction  instruction  sequence  and  the  list¬ 
ing  of  the  problem  solution  logic.  If  the  ANALYSIS  card  is 
omitted,  a  totally  blank  header  is  used.  Only  one  ANALYSIS  card 
per  case  is  allowed.  The  form  of  the  card  is*. 

1  7  IE 

ANALYSIS  (variable  text) 

The  variable  text  is  printed  at  the  top  of  each  page 
of  the  listing  of  the  abstraction  instruction  sequence,  and  each 
page  of  the  problem  solution  logic  if  the  appropriate  option  is 
entered  in  the  $RUN  card.  The  text  should  identify  the  type  and 
origin  of  the  analysis  under  consideration. 

The  PROBLEM  card  provides  labeling  information  for  the 
output  from  the  problem.  I?  the  PROBLEM  card  is  omitted  a  totally 
blank  header  is  used.  Only  one  PROBLEM  card  per  case  is  allowed. 
The  form  of  the  card  is: 

1  7  72 

PROBLEM  (variable  text) 

The  variable  text  is  printed  at  the  top  of  each  page 
which  is  produced  as  the  results  of  the  abstraction  instruction 
sequence,  and  each  page  of  matrix  and  special  input  data  if  the 
appropriate  options  are  entered  in  the  $MATRIX  and  the  $SPECIAL 
and  $RUN  control  cards  respectively.  The  text  should  identify 
the  specific  problem  under  consideration. 

The  INPUT  TAPE  cards  provide  identification  of  the 
master  input  tapes  used  by  the  problem.  If  no  INPUT  TAPE  cards 
are  entered,  the  tapes  normally  assigned  to  this  function  are  used 
as  scratch  tapes  during  execution.  The  form  of  the  card  is: 

1  7 

INPUT  TAPE  (name,  modif) 


•W 
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where  the  arguments  are: 

name  -  a  six  character  alphameric  name 

used  to  identify  the  master  input 
tape. 

inodif  -  an  integer  number  used  as  a  modifier 

to  the  name  (usually  the  date). 

When  master  input  tapes  are  used  in  a  MAGIC  case,  the 
appropriate  instruction  for  the  machine  operator  to  mount  tapes 
must  be  made  external  to  the  normal  card  input. 

The  OUTPUT  TAPE  cards  provide  identification  of  the 
master  output  tape's  used  by  the  problem.  If  no  OUTPUT  TAPE  cards 
are  entered,  the  tapes  normally  assigned  to  this  function  are 
used  as  scratch  tapes  during  execution.  The  form  of  the  card  is: 

1  7 

OUTPUT  TATE  (name,  modif) 

where  the  arguments  are: 

name  -  a  six  character  alphameric  name 

used  to  identify  the  roaster  output 
tape. 

modif  -  an  integer  number  used  as  a  modifier 

to  the  name  (usually  the  date). 

When  master  output  tapes  are  used  in  a  MAGIC  case,  the 
appropriate  .instruction  for  the  machine  operator  to  save  tapes 
must  be  made  external  to  the  normal  card  input. 

The  PAGE  SIZE  card  indicates  the  limit  on  the  size  of 
the  printed  output  which  is  produced  as  the  results  of  the  abstrac¬ 
tion  sequence.  :  A  standard  print  format  of  six  lines  per  inch  is 
used.  If  the  PAGE  SIZE,  card  is  omitted  phei  standard  limits  of  14 
inches  by  11  inches  are  used..  Only  one  PAGE  SIZE  card  per  case 
is  allowed.  The  form  of  the  card  is: 

1  7 

PAGE  SIZE  (width  *  height) 
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where  Uie  arguments  are: 

width  -  the  width  in  inches  oi  the  printed 

output. 

height  -  the  height  in  inches  of  the  printed 

output. 

Allowable  page  sizes  for  printed  output  are  14  *  11, 

11  *  8  or  8  *  11  where  only  the  integer  part  of  the  width  or 
height  dimension  need  be  entered  (i.e.,  8  for  8.5). 

Entry  of  the  nonstandard  limits  on  the  PAGE  SIZE  card 
should  be  accompanied  by  an  external  instruction  to  the  machine 
operator  of  the  required  output  page  size. 

c.  Abstraction  Instruction  Sequence 

(1)  General  Format 

Abstraction  instructions  are  submitted  in  free  form  on 
standard  FORTRAN  coding  sheets,  (i.e.  blanks  are  ignored). 

The  general  format  for  an  abstraction  instruction  is: 

Card  Column  Contents 

1-5  A  one  to  five  (1-5)  digit  statement 

number. 

7-72  An  input/output,  control  or  arith¬ 

metic  statement. 

The  statement  number  is  a  unique  index,  and  is  required 
only  for  statements  to  which  control  can  be  transferred  by  a  con¬ 
trol  statement. 

Comments  may  be  inserted  in  the  sequence  of  abstraction 
instructions.  Comments  must  have  a  C  in  card  column  1  and  any  text 
in  card  columns  2-72.  The  only  effect  of  a  comment  is  that  the 
text  is  printed  in  the  printed  listing  of  the  abstraction  instruc¬ 
tion  sequence. 

The  abstraction  instructions  are  executed  in  the  se¬ 
quence  in  which  they  are  submitted.  Consequently,  any  matrix  used 
in  an  abstraction  instruction  either  must  appear  as  the  result  of 
a  previous  abstraction  instruction  or  must  be  input  by  card  or  tape. 


15 


* 


A  MAGIC  matrix  name  consists  oi‘  one  to  six  (1-6)  alpha¬ 
meric  characters,  the  first  of  which  must  be  alphabetic.  When  the 
matrix  name  is  interpreted,  all  non-blank  characters  are  left 
justified  and  t,he  remainder  of  the  word  is  filled  with  blanks. 

A  scalar  is  processed  as  an  element  of  u  matrix  and  is 
identified  by  the  matrix  name  modified  by  subscripts,  which  res¬ 
pectively  define  the  row  and  column  location  of  the  scalar  in  the 
matrix. 

Summary  examples  of  code  for  the  available  abstraction 
instructions  are  shown  in  Table  II. 

(2)  Input/Output  Statements 

Two  input/output  statements  are  available:  a  matrix 
print  statement  which  is  used  to  print  matrices  in  a  standard  form 
and  a  matrix  save  statement  which  is  used  to  save  matrices  in  a 
standard  form  on  a  physical  tape  for  future  use. 

Matrix  Print  statements  are  of  the  form: 

PRINT  (a,  b,  c,  d)e 
where  the  arguments  are: 

a  -  a  six  character  alphameric  name  which  is  printed 
as  a  label  on  the  rows  of  the  printed  matrices  e. 
The  row  label  is  ROW  if  a  is  blank. 

b  -  a  six  character  alphameric  name  which  is  printed 
as  a  label  on  the  columns  of  the  printed  matrices 
_e.  The  column  label  is  COL  if  b  is  blank. 

c  -  the  element  print  code  Ef  or  Ff .  If  the  code  is 
Ef,  the  matrix  elements  are  printed  as  floating 
point  values  with  exponent.  With  f  decimal  digits 
to  the  right  of  the  decimal  pointT  The  value  of 
f  is  an  unsigned  integer  with  the  limitation  0  f  8. 
If  the  code  is  Ff,  the  matrix  elements  are  printed 
as  floating  poinl  values  without  exponent,  with 
f  decimal  digits  to  the  right  of  the  decimal  point. 
If  c  is  blank,  the  matrix  elements  are  printed 
by  Ihe  element  print  code  E6. 

d  -  an  unsigned  floating  point  number,  with  or  without 
exponent,  bounding  matrix  element  values  that  are 
trivial  and  not  to  be  printed.  That  is,  the  matrix 
element  aij  is  omitted  from  printing  if  |aij|<£d. 

If  d  is  blank,  zero  valued  elements  are  omitted 
from  printing. 
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TABLE  II 

EXAMPLE  CODE  FOR  ABSTRACTION  INSTRUCTIONS 
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e  -  a  list  or  valid  matrix  names,  separated  by  commas. 
The  matrices  identified  in  the  list  are  printed 
when  the  matrix  print  statement  is  encountered. 

Prim  instructions  are  executed  as  they  occur  in  the 
:•(  qu'-t.'-f*  of  abstraction  instructions  and  consequently  they  should 
always  appear  after  the  generation  of  the  relevant  matrices,  and 
immediately  after  suet;  generation  for  optimum  utilization  of 
•era(  e  media  during  execution. 

An  example  of  the  standard  form  of  matrix  printing 
! .  <•  h  own  in  Pec  a  ion  1  T .  3 .  b  , 

Matrix  Pave  statements  are  of  the  form: 

SAVE  (a)  h 


where  fhe  arguments  are: 

a  -  a  valid  tape  name  that  has  been  declared  in  the 
problem  specification  data. 

b  -  a  list  of  valid  matrix  names  separated  by  commas. 
The  matrices  identified  in  the  list  are  written 
on  tape  a  as  they  are  generated. 

(3)  Control  Statements 

A  single  control  statement  of  limited  scope  is 
available.  This  is  a  conditional  transfer  statement  which  is  used 
to  "skip  ahead"  in  the  abstraction  instruction  sequence. 

Conditional  Transfer  statements  are  of  the  form: 

If  (a  .NULL. )  GO  TO  b 


where  the  arguments  are: 

a  -  a  valid  matrix  name 

b  -  the  statement  number  to  which  control  is  transferred 
if  matrix  a  is  null.  Transfer  to  b  is  limited  to 
a  "skip  ftueed"  in  the  abstraction  Instruction  sequence. 
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(4)  Arithmetic  Statements 

The  basic  form  for  arithmetic  statements  is: 
c  =  ±  a  .Op.  ±b 


where  a  and  b  are  known  matrix  names,  c  is  thename  of  the  matrix 
to  be  computed.  Op  is  the  operation  to  be  performed  in  computing  c 
from  a  and  b  and  the  positive  signs  of  a  and  b  may  be  omitted. 

Variations  of  this  basic  form  are  required  for  certain 
operations.  These  variations  are  described  with  the  corresponding 
operational  definitions  v/hen  they  occur  in  the  following  arithmetic 
statements . 


Matrix  Addition  statements  are  of  the  form: 
c  ■-=  ±  a  .ADD.  ±b  .SCALE.  ±  f(i,j) 

where  the  signed  matrix  b  is  added  matrically  to  the  signed  matrix 
a,  each  element  of  the  matrix  sum  is  multiplied  by  the  signed  scalar 
f  (l,.l) ,  and  the  matrix  of  scaled  elements  is  named  c_. 

The  abbreviated  form  is: 

c  =  ±  a  .ADD.  ±  b 

where  the  scale  is  omitted. 

Matrix  Subtraction  statements  are  of  the  form: 

c  «  ±  a  ♦SUBT,  ±  b  .SCALE.  ±  f(i,j) 

where  the  signed  matrix  b  is  subtracted  matrically  from  the  signed 
matrix  a,  each  element  of  the  matrix  difference  is  multiplied  by  the 
signed  scalar  f (l, j)  and  the  matrix  of  scaled  elements  is  named  c_. 

The  abbreviated  form  is: 

c  =  ±  a  .SUBT.  ±  b 

where  the  scale  is  omitted. 

Matrix  Multiplication  statements  are  of  the  form: 

c  =  ±  a  .MULT.  ±  t  .SCALE.  ±  f(i,j) 

where  the  signed  matrix  b  is  pre-multiplied  matrically  by  the 
signed  matrix  a,  each  element  of  the  product  matrix  is  multiplied 
by  the  signed  scalar  f  ( i , .1 ) ,  and  the  matrix  of  scaled  elements  is 
named  c . 


The  abbreviated  form  is: 


c  =  ±  a  .MULT.  ±  b 
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where  the  scale  is  omitted. 

Matrix  Transpose-Multiplication  statements  are  of  the  form: 

c  =  ±  a  .TMULT.  ±  b  .SCAIE.  ±  f(i,j) 

where  the  signed  matrix  b  is  pre-multiplied  matrically  by  the 
transpose  the  signed  matrix  a,  each  element  of  the  product  matrix 
is  multiplied  by  the  signed  scalar  f(l,j) .  and  the  matrix  of  scaled 
elements  is  named  c. 

The  abbreviated  form  is: 
c  =  ±  a  .TMULT.  ±  b 
where  the  scale  is  omitted. 

Element-by-Element  Multiplication  statements  are  of  the  form: 

c  =  i  a  .EMULT.  ±  b  .SCAIE.  ±  f(i,j) 

where  each  element  of  the  signed  matrix  b  is  multiplied  by  the 
corresponding  element  of  the  signed  matrTx  a,  each  element  of  the 
matrix  of  element  products  is  multiplied  by  the  3igned  scalar 
f  ( i , .1 ) .  and  the  matrix  of  scaled  elements  is  named  c_. 

The  abbreviated  form  is: 
c  =  ±  a  .EMULT.  ±  b 
where  the  scale  is  omitted. 

Matrix-Scalar  Multiplication  statements  are  of  the  .form; 
c  =  ±  a  .SMULT-.  ±  b(i,j) 

where  each  element  of  the  signed  matrix  a  is  multiplied  by  the 
signed  scalar  b(l,.l) .  and  the  matrix  of  scaled  elements  is  named  c 

Matrix  Transposition  statements  are  of  the  form: 
c  =  ±  a  .TRANSP. 

where  the  transpose  of  the  signed  matrix  a  13  formed  and  named  matrix  c. 

Matrix  Adjoin  statements  are  of  the  form: 
c  =  ±  a  .ADJOIN.  ±  b 

where  the  signed  matrix  b  is  adjoined  to  the  signed  matrix  a  and 
the  resulting  matrix  is  named  c  (i.e.,  c  =  C%  |  ±bj  ) . 
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Matrix  De.loln  statements  are  of  the  form: 


Clt  C2  =  A. DEJOIN. (b,d) 

or 

Cr  C2  =  A. DEJOIN.  (B(i,j),d) 

where  the  matrix  (A(MxN)  is  dejoined,  columnwise  to 
form  the  two  matrices  C.  (MxJ)  and  Cp  (Mx(N-j)  )  or 
dejoined  row-wise  to  form  the  two  matrices  C.  (JxN) 
and  C_  (M-J)xpj)  where,,  l^J^N  is  the  partition 
number  (i.e.,  A=Cc,  \  C  " ]  the  following  definitions 
apply: 

b  an  integer  specifying  the  row  or 

column  at  which  the  matrix  A  is  to 
be  partitioned  to  form  and 

B(i,j)  -  the  element  b^j  of  matrix  B  specifies 

the  row  or  column  at  which  the  matrix  A 
is  to  be  dejoined 

d  =  o,  for  column  dejoin 

=  1,  for  row  dejoin 


Matrix  Column  Repeat  statements  are  of  the  form: 

C  A  .COLREP.  B 

where  the  column  dimension  of  matrix  B  specifies  the 
number  of  times  the  column  matrix  A  is  to  be  repeated 
to  form  the  matrix  C.  If  the  dimension  of  A  is(N  x  1) 
and  the  dimension  of  B  is (L  x  M)then  the  dimension  of 
C  will  be  (N  x  M) . 


Null  Matrix  statements  are  of  the  form: 

C  =  A. NULL. B 

Where  a  null  matrix  C  is  formed.  C  has  a  row  dimension 
the  same  as  the  row  dimension  of  matrix  A  and  C  has  a 
column  dimension  the  same  as  the  column  dimension  of 
matrix  B. 
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Identity  Matrix  statements  are  of  the  form: 

B  A  .IDENTC. 

where  B  is  an  Identity  matrix  having  an  order  the  same  as  the 
column  dimension  of  matrix  A  (i.e.,  if  A(MxL)  then  B(LxL)  =l) 

and 

B  =  A  .IDENTR. 

where  B  is  an  identity  matrix  having  an  order  the  same  as  the 
row  dimension  of  matrix  A  (i.e.,  if  A(MxL)  then  B(MxM)  =  I) 


Matrix  Power  statements  are  of  the  form: 
c  »  ±  a  .POWER.  ±b(i,J) 

where  the  absolute  value  of  each  element  of  the  matrix  a  is 
raised  to  the  power  of  the  signed  scalar  b ( i , .1 )  and  the  resulting 
matrix  is  given  the  sign  of  matrix  a  and  named  c_  . 

Matrix  Inversion  statements  are  of  the  form: 

c  =  ±  a  .IN VERS. 


where  the  inverse  of  the  signed  matrix  a  is  formed  by  Jordanian 
elimination,  and  is  named  matrix  c. 

This  subroutine  unconditionally  prints  pivot  element 
values,  with  column  Indices,  as  special  output  data. 


Solution  of  Equations  by  Elimination  statements  are 
of  the  form: 


c  =  ±  a  .SEQEL.  ±  b 

where  the  solution,  Y,  of  the  system  of  "n"  linear  simultaneous 
equations  in  "n"  unknowns,  ±  a  Y  =  ±b,  i3  formed  by  Jordanian 
elimination,  and  the  solution  matrix  is  named  c. 


This  subroutine  unconditionally  prints  pivot  element 
values,  with  column  indices,  as  special  output  data. 


Solution  of  Equations  by  Iteration  statements  are  of 
the  form: 

c  =  ±  a  .SEQIT.  ±b,  (d) 


where  the  solution,  Y,  of  the  system  of  "n"  linear  simultaneous 
equations  in  "n"  unknowns,  ±  aY  =  ±b,  is  formed  by  matrix  iteration, 
and  the  solution  matrix  is  named  c.~  Execution  is  terminated  when  the 
number  of  iteration  cycles  is  equal  to  d.  This  subroutine  requires 
that  the  leading  diagonal  of  matrix  a  dominates. 
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Eigenvalue  -  Eigenvector  Extraction  statements  are 
of  the  form: 


°1,  c2  =  ±  a  .EIGEN,  (d) 

where  d  eigenvalues  and  the  corresponding  eigenvectors  are  extracted 
from  the  signed  symmetric  matrix  a  and  named  matrix  c^  and  matrix  eg, 
respectively.  The  parameter  d  is  an  unsigned  integer  constant. 
Matrices  c^  and  Cg  are  of  order  (d  x  l)  and(n  x  d)  respectively 
with  a  matrix  a  or  order  (n  x  n) . 

Eigenvalue  -  Eigenvector  Extraction  statements  are 
of  the  form: 


C1,  C?,  Cy  C4  =  A,B  .EIGEN1 .  (d,e,f,g) 


where  d  eigenvalues  and  the  corresponding  eigenvectors  are  extracted 
from  the  eigenmatrix  A  and  named  C,  and  Cp,  respectively.  With 
matrix  A  of  order  (NxN),  matrix  C  is  of  order  (dxl)  and  matrix 
Cp  is  of  order  (Nxd).  The  following  definitions  apply: 

A  -  Initial  Eigenmatrix  (N  x  N)  real,  input 

B  -  Input  guess  for  vectors  (N  x  2) 

1st  column  is  guess  for  eigencolumn  vector 
2nd  column  is  guess  for  eigenrcw  vector 

d  -  Integer  specifying  the  number  of  eigenvalues 
and  vectors  requested 

e  -  If  e  =  o,  then  2nd  column  of  B  is  not  used 
If  e  --  1,  then  1st  column  of  B  is  used  and 
must  be  conveyed  eigenvector  corresponding  to  A 

f  -  Integer  specifying  the  number  of  Iterations  for 

each  pass.  There  are  10  passes  with  the  criteria 
updated  each  time  for  each  eigenvalue  calculation 
(CRIT  =  CHIT  N  G) .  Default  is  500  iterations. 

g  -  Convergence  criteria  for  eigenvalues  and  vectors. 
Default  value  is  .001 


C1  -  Output  Eigenvalue  Matrix  (dxl) 

Cp  -  Output  eigen  column,  vector  matrix  (N  x  d) 


C^  -  Saved  deflated  eigen  matrix  for  restart 

Cjj  -  Saved  vector  matrix  for  restart  (N  x  2).  First 

'  column  in  last  Iteration  of  last  eigen  column 

vector.  Second  column  is  last  iteration  of  last 
eigen  row  vector. 


NOTE  FOR  VECOUT  AND  MATOUT 


A.  If  the  first-  eigenvector  column  does  not 
converge,  then  Cj.  consists  of  1st  column  - 

last  iteration  of  the 
eigenvector  (column) 
vector 

2nd  column  -  not  used 
consists  of  the  original  A  eigenmatrix 
Use  e  =  0  for  restart  with  for  A  and  for  B 

B.  If  the  first  eigen  (row) vector  does  not  converge 
or  the  eigen  row  root  does  not  correspond  to  the 
eigen  column  root  within  the  specified  criteria*, 
then 

Cu  consists  of  1st  column  -converged  eigen  column  vector 
4  2nd  column  -last  iteration  of  the  eigen 

row  vector 

consists  of  the  original  A  eigenmatrix 

Use  e  =  1  for  restart  with  for  A  and  for  B 

*This  case  occurs  only  when  there  is  more  than 
one  eigenvalue  requested,  since  eigenrow  conver¬ 
gence  is  only  required  for  sweeping  the  eigenmatrix 
to  prepare  it  for  calculating  the  next  eigenvalue. 

C.  If  an  intermediate  or  the  last  eigen  (column)  vector 
does  not  converge,  then 

Cu  consists  of  1st  column-last  iteration  of  the 

eigen  (column)  vector 
2nd  column-converged  eigenrow  vector 
from  the  previously  calcu¬ 
lated  eigenvalue 

consists  of  the  swept  eigenmatrix  used  for  calcu¬ 
lating  the  unconverged  column  vector 

Use  e  =  0  for  restart  with  for  A  and  for  B 
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D.  If  an  intermediate  or  the  last  eigen  (row)  vector 
does  not  converge  or  its  root  does  not  converge 
to  the  column  root,  then  consists  of 

1st  column  -  converged  eigen  column  vector 

2nd  column  -  last  iteration  of  eigen  (row)  vector 

consists  of  the  swept  eigenmatrix  used  for 
calculating  the  converged  eigen  (col)  vector 

Use  e  =  1  for  restart  with  for  A  and  for  B 

E.  If  the  last  eigen  (column)  vector  converges,  then 

consists  of 

1st  column  -  converged  eigen  (column)  vector 

2nd  column  -  converged  eigen  (row)  vector  from  the 
previously  calculated  eigenvalue 

consists  of  the  swept  eigen  matrix  used  for 
calculating  the  converged  eigen  (col)  vector 
Use  e  =  0  for  restart  with  for  A  and  for  B 

Matrix  Envelope  statements  are  of  the  form: 

c  =  ±  a  .ENVROW. 
or  c  =  ±  a  .ENVCOL. 

where  the  algebraic  maximum  and  minimum  values  in  each  row 
(or  column)  of  the  signed  matrix  a  are  found,  and  the  matrix 
of  the  extreme  values  is  named  c.  The  maximum  values  occupy 
the  first  column  (or  row)  of  matrix  c  respectively. 

Matrix  Dlagonallzation  statements  are  of  the  form: 

c  =  ±  a  .DIAGON. 

where  a  diagonal  matrix  is  formed  from  the  signed  column  (or 
row)  matrix  a  and  named  £.  The  elements  on  the  diagonal  of  c 
are  the  corresponding  elements  of  matrix  a. 

Matrix  Rename  statements  are  of  the  form: 

c  =  ±  a  .RENAME. 

where  a  copy  of  the  signed  matrix  a  is  generated  and  named 
matrix  c . 
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MSER -Coded  Subroutine  statements  have  the  general  form: 

(■j,  (etc.)  --  (etc.)  . USERXX.  lb.,  (etc.) 

where  (  omputat. Lons  are  performed  on  the  signed  matrices  a^,  (etc.) 

arid  the  signed  matrices  b^,  (etc.)  by  the  subroutine  corresponding 

to  tire  operation  .USERXX.  and  the  results  are  named  matrices 
c  ,  (ete.i,  where  01<xx<09- 

If  no  output  matrices  are  formed  by  the  subroutine, 
indication  is  provided  in  the  statement  by  an  (*)  to  the  left 
of  the  equal  sign. 

(5)  Matrix  Data 

Card  input  matrix  data  are  specified  on  the  Standard 
Form  shown  on  the  following  page. 

A  matrix  header  card  having  an  II  in  card  column  1,  and 
containing  the  matrix  name  and  its  row  and  column  dimensions  is 
required  for  each  matrix.  The  last  card  after  all  $ MATRIX  data  must 
contain  an  E  in  card  column  1  with  the  rest  of  the  card  blank. 

Each  matrix  may  contain  up  to  6000  randomly  ordered 
elements.  Machine  sortability  requires  that  the  sequence  number 
(first  three  digits)  for  each  matrix  is  unique  and  identical 
in  both  header  and  element  cards . 


d.  USER04 


The  fourth  user  coded  module  of  the  program  is  the  struc¬ 
tural  generator  for  the  MAGIC  System. 

Since  the  .USER04,  instruction  plays  a  very  important  role 
in  MAGIC  II,  a  detailed  analysis  follows  to  aid  the  U3er  in  under¬ 
standing  the  flexibility  it  provides  to  the  total  System. 

(1)  Input  and  Output  Matrix  Position  Functions 

The  Structural  Generative  System  may  have  as  many  as 
fifteen  actual  output  matrices  and  require  as  many  as  four  actual 
input  matrices.  The  basic  form  of  the  .USER04.  instruction  may  be 
represented  as  follows: 

0MP1,  0MP2,  0MP3,  0MP4,  0MP5,  0MP6,  OMP?,  OMP8, 

0MP9,  0MP10,  0MP11,  0MP12,  0MP13,  0MP14,  0MP15  = 

IMP1,  IMP2 ,  IMP3,  IMP4  .USER04.  ; 

where  OMP  is  read  as  output  matrix  position  and  IMP  as  input 
matrix  position.  All  matrix  positions,  whether  input  or  output, 
must  be  present.  They  may  contain  matrix  names  or  be  blank, 
but  there  must  be  nineteen  matrix  positions  represented  by  the 
appropriate  number  of  commas.  Blank  matrix  positions  are 
discussed  in  the  next  section.  The  output  matrix  positions,  if 
nonblank,  will  contain  .the  following  matrices  upon  exit  from  the 
Structural  Generative  System: 

0MP1  -  copy  of  input  structure  data  deck 

0MP2  -  revised  material  library 

0MP3  -  interpreted  input  ^ structure  .input 
data  as  stored  after  being  read 
and  interpreted) 

0MP4  -  external  system  grid  point  loads 

and  load  scalar  matrix 

0MP5  -  transformation  matrix  for  application 
of  boundary  conditions 

0MP6  -  transformation  matrix  for  assembly 
of  element  matrices 

0MP7  -  element  stiffness  matrices  stored 

as  one  matrix 

0MP8  -  element  generated  load  matrices 
stored  as  one  matrix 

0MP9  -  element  stress  matrices  stored  as 
one  matrix 
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0MP10 

0MP11 

0MP12 

OMP13 

OMPl^ 

OMP3.5 


element  thermal  stress  matrices 
stored  as  one  matrix 
element  incremental  stiffness 
matrices  stored  as  one  matrix 
element  mass  matrices  stored  as 
one  matrix 

structural  system  constants  stored 
as  one  matrix 

element  matrices  in  compressed  format 
stored  as  one  matrix 
prescribed  displacement  matrix 


The  input  matrix  positions,  if  nonblank  must  contain 
the  following  matrices: 


IMP1 
IM-  3 
IMP3 
IMP4 


structure  data  deck  (this  would  be 
a  previously  generated  matrix  saved 
in  0MP1) 

interpreted  input  (this  would  be  a 
previously  generated  matrix  saved  in 
0MP3  used  for  restart) 
existing  material  library  (this 
would  be  a  previously  generated  matrix 
saved  in  0MP2) 

displacement  or  stress  matrix  to  be 
used  for  stability  analyses  (the  stress 
matrix  must  have  been  generated  by 
the  structural  abstraction  instruction 
.STRESS. ) 


It  should  be  noted  that  the  following  matrix  positions 
are  called  matrices  only  in  the  sense  that  all  input  and  output 
entities  are  considered  matrices  by  FORMAT  II  -  0MP1,  IMP2,  0MP3, 
0MP14,  IMP1,  IMP2  and  IMP3. 


It  is  important  to  note  that  0MP14  is  mutually  exclu¬ 
sive  with'  0MP6,  0MP7,  0MP8,  0MP9,  0MP10,  0MP11,  and  0MP12.  In 
order  to  retain  compatability  with  the  MAGIC  I  system  and  elimin¬ 
ate  redundant  execution  time,  the  following  rules  must  be  observed. 

(a)  If  0MP14  is  suppressed  then  0MP6,  0MP7,  0MP8,  0MP9, 
0MP10,  0MP11,  and,  0MP12  will  be  generated  according  to  their  defini¬ 
tion  listed  previously.  If  this  is  the  case  then  it  is  assumed  the 
user  is  using  MAGIC  I  abstraction  instructions  to  solve  his  problem. 

(b)  If  0MP14  is  not  suppressed  then  0MP7,  0MP8,  0MP9, 
0MP10,  0MP11  and  0MP12  will  serve  only  as  indicators  to  the  . USER04. 
instruction  for  generation  or  non-generation  of  their  respective 
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element  matrices.  Since  no  matrices  will  be  generated  in  0MP6 
through  0MP12  (if  0MP14  is  not  suppressed)  they  should  never 
be  referenced  in  subsequent  abstraction  instructions. 


(2)  Suppression  Option 

Incorporated  into  the  Structural  Generative  System 
is  an  option  to  suppress  the  generation  and  output  of  any 
of  the  output  matrices  and  also  to  indicate  the  absence  of  any 
of  the  input  matrices.  This  option  is  indicated  to  the 
Structural  Generative  System  by  the  absence  of  a  matrix  name  in 
the  desired  position  in  the  .'JSER04.  instruction.  A  matrix 
name  is  considered  to  be  absent  if  the  matrix  position  contains 
all  blanks  or  the  character  length  of  the  name  is  zero.  For 
example,  an  instruction  of  the  form:  , ,  INTINP,  LOADS,  TR,  TA, 
KEL,  PEL,  SEL,  SZALEL,,,,,  =  , , MATLB1 ,  .USER04.;  would  cause 
suppression  of  the  copy  of  the  data  deck,  the  revised  material 
library,  the  element  incremental  stiffness  matrices,  the 
element  mass  matrices,  the  structural  system  constant  matrix, 
the  compressed  element  matrix  and  the  prescribed  displacement 
matrix.  The  instruction  also  indicates  that  there  is  no 
input  data  deck  on  tape,  (directing  the  Structural  Generative 
System  to  read  data  from  cards),  no  interpreted  data  on  tape 
and  no  input  data  deck  on  tape,  (directing  the  Structural 
Generative  System  to  read  data  from  cards),  no  interpreted  data 
on  tape  and  no  input  displacements  or  stresses.  It  should  be 
noted  that  certain  sections  of  the  data  deck  are  necessary 
for  the  generation  of  each  of  the  output  matrices  and  that 
error  checking  is  done  to  determine- if  the  required  sections 
are  present.  Accordingly,  error  checking  is  invoked  for 
the  input* matrix  positions  to  determine  if  ambiguous  or 
conflicting  input  indications  have  been  made.. 


e.  Use  of  FORMAT  II  Data  Sets 

(1)  Master  Input  and  Master  Output  Use  for  Material  Library 

References  to  the  Material  Library  are  indicated 
by  output  matrix  position  two  and  input  matrix  position  three 
in  the  .USER04.  abstraction  instruction.  Retention  of  a  newly 
generated  or  revised  Material  Library  is  governed  solely  by 
use  of  the  SAVE  abstraction  instruction  at  the  discretion  of 
the  User.  If  retention  is  desired,  the  matrix  name  and  output 
matrix  position  two  must  appear  in  a  SAVE  abstraction  instruction, 
in  which  case  it  will  be  placed  bn  a  Master  Output  tape.  If  a 
non-blank  matrix  name  ?  'pears  in  input  matrix  position  three, 
the  Master  Input  Tape  will  be  searched  for  that  name. 


Usage  and  generation  of  the  Material  Library  is 
controlled  by  the  three  legal  combinations  of  suppression  of 
output  matrix  position  two  and  input  matrix  position  three. 

[f  the  matrix  name  in  output  matrix  position  two  is  non-blank, 
but  input  matrix  position  three  is  suppressed,  a  new  Material 
Library  will  be  generated  and  used.  If  both  involved  matrix 
positions  are  non-blank,  the  old  Material  Library  will  be 
located  on  the  Master  input  tape,  will  be  revised,  stored  as 
the  matrix  named  in  the  specified  output  position,  and  then 
this  revised  Material  Library  will  be  used.  If  output 
matrix  position  two  is  suppressed  and  input  matrix  position 
three  is  non-blank,  then  the  named  input  Material  Library 
will  be  used:  Suppression  of  both  involved  matrix  positions 
results  in  an  error  condition. 

Since  the  Material  Library  is  stored  under  a  matrix 
name  on  Master  output  tapes,  and  also,  therefore  Master  Input 
tapes,  any  other  matrices  may  also  be  saved  on  the  same  tape, 
including  other  Material  Libraries. 


(2)  Output  Matrices 

a.  Output  Matrix  Position  one  (0MP1) 

Contents  -  Copy  of  card  input  data  deck 

Number  of  rows  -  Set  to  eighty  (80) 

Number  of  columns  -  Number  of  cards  in  data  deck 

Column  records  -  One  data  card  per  column 

record,  one  card  column  per 


b.  Output  Matrix  Position  lwo  (0MP2) 

Contents  -  Material  library 

Number  of  columns  -  306  (maximum  number  of 

words  possible  for  one 
material  entry) 


Number  of  columns  -  Number  of  material  tables  in 

library  plus  one 

Column  records  -  One  material  table  per  column 

record. 

c.  Output  Matrix  Position  Three  (0MP3) 

Contents  -  Interpreted  input 

Number  of  rows  -  Set  to  number  of  words  in  maximum 

record  created 

Number  of  columns  -  Number  of  elements  plus  four 

Column  records  -  One  element  input  block  per 

record. 

d.  Output  Matrix  Position  Four  (0MP4) 

Contents  -  External  system  grid  point  loads 

Humber  of  rows  -  Number  of  degrees  of  freedom 

in  total  system  plus  1 

Number  of  columns  -  Number  of  load  conditions 

Column  records  -  The  first  word  is  the  external 

load  scalar  followed  by  one  load 
condition  per  column  record 
(use  .DEJOIN,  to  obtain  the  load 
scalar ) . 

e.  Output  Matrix  Position  Five  (0MP5) 

Contents  -  Transformation  matrix  for 

application  of  boundary  conditions 

Number  of  rows  -  Number  of  degrees  of  freedom  in 

total  system 

Number  of  columns  -  Number  of  degrees  of  freedom 

in  total  system 

Column  records  -  (1)  for  desired  degrees  of  free¬ 
dom  -  contain  a  one  in  the 
assigned  reduced  degree  of 
freedom  row 

(2)  for  undesired  degrees  of 
freedom  -  column  record  is 
omitted  (null  column) 

f.  Output  Matrix  Position  Six-  (0MP6) 

Contents  -  Transformation  matrix  for 

assembly  of  element  matrices 

Number  of  rows  -  Number  of  degrees  of  freedom 

in  total  system 

Number  of  columns  -  Summation  of  element  degrees 

of  freedom 

Column  records  -  Contain  a  one  in  the  assigned 

degree  of  freedom  row  for  that 
summed  element  degree  of  freedom 


32 


g.  Output  Matrix  Position  Seven  (OMF?) 

Contents  -  Element  stiffness  matrices 

Number  of  rows  -  Summation  of  element  degrees 

of  freedom 

Number  of  columns  -  Summation  of  element  degrees 

of  freedom 

Column  records  -  Each  record  contains  a  column 

of  an  element  stiffness  matrix 

h.  Output  Matrix  Position  Eight  (0MF8) 

Contents  -  Element  applied  load  matrices 

Number  of  rowr  -  Summation  of  element  degrees  of 

freedom 

Number  of  columns  -  One 

Column  record  -  Contains  all  element  applied 

load  matrices 

i.  Output  Matrix  Position  Nine  (0MP9) 

Contents  -  Element  stress  matrices 

Number  of  rows  -  Summation  of  element  stress 

point  and  component  orders 
Number  of  columns  -  Summation  of  element  degrees 

of  freedom 

Column  records  -  Each  record  contains  a  column 

of  an  element  stress  matrix 

J.  Output  Matrix  Position  Ten  (0MP10) 

Contents  -  Element  thermal  stress  matrices 

Number  of  rows  -  Summation  of  element  stress 

point  and  component  orders 
Number  of  columns  -  One 

Column  record  -  Contains  all  element  thermal 

stress  matrices 

k.  Output  Matrix  Position  Eleven  (0MP11) 

Contents 
Number  of  rows 
Number  of  columns 
Column  records 


* 


-  Element  Incremental  stiffness 
matrix 

-  Summation  of  element  degrees 
of  freedom 

-  Summation  of  element  degrees 
of  freedom 

-  Each  record  contains  a  column 
of  an.  element  incremental 
stiffness  matrix 
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1.  Output  Matrix  Position  Twelve  (0MP12) 


Contents  -  Element  mass  matrices 

Number  of  rows  -  Summation  of  element  degrees 

*  of  freedom 

Number  of  columns  -  Summation  of  element  degrees 

of  freedom 

Column  records  -  Each  record  contains  a  column 

of  an  element  mass  matrix 

m.  Output"  Matrix  Position  Thirteen  (0MP13) 

Contents  -  System  constants 

Number  of  rows  -  Twenty- seven 

Number  of  columns  -  One 

Column  record  -  Nineteen  structural  system 

constants  (for  use  outside  of 
the  .USER04.  module) 

The  following  is  a  description  of  the  variables 
in  this  matrix: 

Word  1  -  Number  of  directions  allowed 

Word  2  -  Number  of  types  of  movement,  allowed 

Word  3  -  Number  of  reference  points  (highest 

reference  node  in  element  connections) 
Word  4  -  Order  of  the  reduced  system  (number  of 

l's  plus  2*s) 

Word  5  -  Number  of  bounded  degrees  of  freedom 

(number  of  0's) 

VIord  6  -  Number  of  unknown  degrees  of  freedom 

(number  of  l's) 

Word  7  -  Number  of  known  degrees  of  freedom 

(number  of  2's) 

Word  8  -  Number  of  0's  plus  l's 

Word  9  -  Element  type  code,  equal  to  zero 

if  word  1=3,  equal  to  one  otherwise 
Word  10  -  Order  of  the  total  system 
Word  11  -  Number  of  elements 
Word  12  -  Number  of  load  conditions 
Word  13  -  Word  20  -  Reserved  for  future  expansion 

Word  21  -  Number  of  eigenvalues  requested 
Word  22  -  Eigenvalue/vector  convergence  criteria 
Word  23  -  Maximum  number  of  iterations 
Word  24  -  Control  for  iteration  debug  print 
Word  25  -  First  normalizing  element  for  print 
Word  26  -  Second  normalizing  element  for  p^int 
Word  27  -  Control  for  guess  vector  iteration  start 
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n.  Output  Matrix  Position  Fourteen  (0MP14) 


Contents 

Number  of  rows 
Number  of  columns 
Column  records 


Element  matrices  in  compressed 
form 

Varies  depending  on  problem 
One  column  for  each  element 
Each  record  contains  all  ele¬ 
ment  matrices  generated  by 
.USER04.  instruction  in  com¬ 
pressed  form  (to  be  used  by 
structural  modules  outside  of 
.USER04. ) 


Output  Matrix  Position  Fifteen  (0MP15) 


Contents 
Number  of  i-ows 

Number  of  columns 
Column  records 


Prescribed  displacements 
Number  of  degrees  of  freedom 
in  system 

Number  of  load  conditions 
One  prescribed  displacement 
condition  per  column  record 


f.  Structural  Abstraction  Instructions  To  Be  Used  in 

Conjunction  With  The  .USER04.  Instruction 

In  designing  the  MAGIC  II  System  for  Structural  Analysis, 
provision  was  made  for  accommodating  new  abstraction  instructions 
peculiar  to  the  .USER04. module.  In  keeping  with  the  philosophy  of 
generating  a  highly  flexible  USER  oriented  system,  specialized  in¬ 
structions  were  designed  for  items  such  as  element  stress  and  force 
determination,  element  assembly  and  print  controls.  These  additional 
USER  options  provide  output  capabilities  of  the  MAGIC  II  System, 
consistent  with  input ^requirements. 


The  following  abstraction  instructions,  .STRESS., .FORCE., .ASSEM. 

. EPRINT. ,  and  .GPRINT,  are  to  be  used  in  conjunction  with  the  .USER04. 
abstraction  instruction.  OMP  will  be  used  to  represent  an  output 
matrix  position  name  and  IMP  will  be  used  to  represent  the  input 
matrix  position  name  when  referring  to  the  .USER04.  instruction. 

(1)  To  compute  the.  net  element  stress  matrix  and  generate 
optional  engineering  print  of  apparent  element  stresses,  element 
applied  stresses  and  net  element  stresses  use  the  .STRESS,  abstrac¬ 
tion  instruction. 


C  =  A,  B  .STRESS.  (d,e) 
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Where  matrix  A  is  0MP11!  of  the  ,.USERO^.  instruction  and  Matrix  B 
is  a  matrix  containing  the  unredued  displacement  column  for  each 
load  condition.  The  output  matrix  C  will  contain  the  net .element 
stresses  for  each  load  condition.  The  following  definitions  apply: 

d  “0,  for  no  print 

=  1,  for  apparent  element  stress  print 

*  2,  for  element  applied  stress  print 
=  3,  for  net  element  stress  print 

*  for  apparent,  applied,  and  net  element  stress  print 


e 


-  an  unsigned  floating  point  number,  with  or  without 
exponent,  boundary  matrix  element  values  that  are 
trivial  and  to  be  printed  as  zero.  That  is,  the 
matrix  element  =  0.0  |c^j|£  e. 

If  e  is  suppressed,  then  the  value  of  e  is  defaulted 
to  0.0. 


(2)  To  compute  the  net  element  force  matrix  and  generate 
optional  engineering  print  of  apparent  element  forces,  element 
applied  forces  and  net  element  forces  use  the  .FORCE,  abstraction 
instruction. 


C  -  A,  B  .FORCE.  (d,e) 


Where  matrix  A  is  0MP11!  of  the  .  USER04 .  instruction  and  matrix  B 
is  a  matrix  containing  the  unreduced  displacement  column  for  each 
load  condition.  The  output  matrix  C  will  contain  the  net  element 
forces  for  each  load  condition.  The  following  definitions  apply: 

d  *  0 ,  for  no  print 

■  1,  for  apparent  element  force  print 

*  2,  for  element  applied  force  print 
=3,  for  net  element  force  print 

*  4,  for  apparent,  applied,  and  net  element 

stress,  pring 


an  unsigned  floating  point  number,  with  or  without 
exponent,  bounding  matrix  element  values  that  are 
trivial  and  to  be  printed  as  zero.  That  is,  the 


matrix  element  c 


ij 


0.0  if 


cij l<  e* 


If  e  is 


suppressed,  then  the  value  of\e  is  defaulted  to  0.0. 


( 3)  To  generate  engineering  printout  of  the  net  element 

stresses  or  net  element  forces  use  the  .EPRINT,  abstraction 
instruction. 


.EPRINT.  (a,  b,  c)  D 

where  matrix  C  is  0MPli<  ‘rom  the  . USER04 .  instruction  and 
matrix  D  is  either  a  net  element  stress  matrix  generated  by  a 
previous  .STRESS,  abstraction  instruction  or  matrix  D  is  a  net 
element  force  matrix  generated  by  a  previous  .FORCE,  abstraction 
instruction.  The  following  definitions  apply. 
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a.  -  element  matrix  print  code 

a  =  1,  for  net  element  stress  print 
a  =  2,  for  net  element  force  part 

b.  -  an  unsigned  floating  point  number,  with  or  without 

exponent,  bounding  matrix  element  values  that  are 
trivial  and  to  be  printed  as  zero.  That  is,  the 
matrix  element  d^  =  0.0  if  jd^j  -  b. 

If  b  is  suppressed,  then  the  value  of  b  is  defaulted 
to  be  0.0. 

(4)  To  assemble  the  element  stiffness  m?trices,  element  mass 

matrices,  element  incremental  matrices  and  element  thermal 
load  matrices  as  output  by  the  .USER 54.  instruction 
use  the  .ASSEM.  abstraction  instruction. 

C  =  A  .ASSEM.  B,  (d) 

where  matrix  A  is  0MP14  arid  matrix  B  is  0MP13  of  the  .USER04. 
instruction,  respectively.  The  output  matrix  C  will  be  the  assembled 
stiffness,  mass,  incremental  or  thermal  load  matrix  depending  on  the 
value  of  d.  The  following  definition  applies: 

d  =  10,  to  assemble  element  stiffness  matrix 
=20,  to  assemble  element  mass  matrices 
=  30,  to  assemble  e?.ement  incremental  matrice 
=  4o,  to  assemble  element  applied  load  matrices 

where  for  d  =  10,  20,  and  3p  and  [c]  will  have  an  order  (NSYS  x  NSYS) 
and  for  d  =  4o,  (NSYS  x  1),  where  NSYS  is  the  total  number  of  system  degree 
degrees  of  freedom  for  the  structure  being  analyzed.  If  we  let  o's 
represent  retained  (or  bounced)  degrees  of  freedom,  l's  represent 
unknown  degrees:  of  freedom,  and  2's  represent  known  degrees  of 
freedoms  then  the  matrix  C  will  be  ordered  as  follows: 


(5)  To  generate  engineering  printout  of  reactions, 

displacements,  eigenvalues  and  eigenvectors,  and  user  matrices 
use  the  .GPRINT.  abstraction  instruction. 

.GFRINT.  (a,b,c,Cl.CC.C3.C4.C5.C6.CT.C8.C9.CIO.Cll.C12,D,E)P,G 
where  the  arguments  are  defined  as  follows: 

a.  -  print  code  to  select  type  of  print  desired 
a  =  1,  for  reaction  matrix  print 
a  =  2,  for  displacement  matrix  print 
a  =  3,  for  eigenvalue  and  eigenvector  matrix  print 
a  =  4,  for  user  matrix  print 


b.  -  an  unsigned  floating  point  number*  with  or 

without  exponent,  bounding  matrix  element 
values  that  are  trivial  and  to  be  printed  as 
zero.  That  is,  the  matrix  element  =  0.0 

if  lijjll  b*  If  b  is  suppressed,  then  the 

value  of  b  is  defaulted  to  be  0.0. 

c.  -  a  one  to  six  character  alphanumeric  name  which  is 

printed  as  a  label  on  the  rows  of  the  printed 
matrix  P.  If  c  is  suppressed,  then  the  default 
label  is  ROW. 

Cl  -  C12  -  Each  C. .  is  a  one  to  six  character  alphanumeric 

name  wnich  is  printed  as  a  label  on  the  columns  of 
the  printed  matrix  F.  It  is  possible  to  suppress 
any  or  all  of  the  C^.  For  each  suppressed  Ci 

a  blank  column  label  will  be  written  over  the 
corresponding  column.  If  a  is  suppressed  then  a 

dot  (.)  must  be  present  to  indicate  its  absence. 

If  all  column  labels  are  suppressed,  then  no  dots 
must  be  present  and  data  between  the  last  suppressed 
labei.  and  the  comma  need  not  be  present. 

D.  This  matrix  must  be  0MP13  of  the  .USER04.  instruction. 

E.  This  matrix  is  optional.  It  may  be  suppressed  if  input 

matrix  F  is  already  in  reduced  form.  If  matrix  F  is  unreduced, 
i.e._,  contains  all  system  degrees  of  freedom  then  E  must  be  a 
transformation  matrix  (0MP5)  used,  tb  reduce  matrix  F  for  printing. 
If  a  =  3  then  this  matrix  must  be  present. 

F.  The  matrix  to  be  printed.  It  can  be  the  reaction, 

displacement.,  eigenvector  or  user  matrix. 

G.  This  matrix  is  input  only  when  a  3>  and  must  contain  the 
eigenvalues  corresponding  to  the  eigenvector.  Otherwise,  it 
must  be  omitted  and  no  comma  should  he  present  to  indicate  its 
absence. 
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g.  Abstraction  Instructions  For  Structural  Analyses 

The  previous  sections  have  detailed  the  abstraction 
instructions  available  to  the  MAGIC  II  User. 


Instructions  of  a  general  nature  were  discussed;  i.e., 
.ADD.,  .MULT.  etc.  as  well  as  instructions  pertaining  to  the 
. USER04.  module  such  as  .STRESS,  and  .ASSEM. 

This  section  will  present  the  method  of  using  these 
available  instructions  to  perform  structural  analyses. 

Instructions  to  perform  the  following  types  of  analyses 
are  presented. 

1.  Statics 

2.  Statics  With  Condensation 

3.  Statics  With  Prescribed  Displacements 

4.  Stability 

5.  Dynamics  (Modes  and  Frequencies) 

6.  Dynamics  With  Condensation 

The  analyses  listed  above  may  be  performed  in  two 
different  ways.  n  the  first  the  User  can  elect  to  place  the 
proper  set  of  abstraction  instructions  in  front  of  his  structural 
input  data  deck  for  any  given  analyses.  The  second  option, 
utilizes  the  Agendum  level  abstraction  capability  which  has 
been  incorporated  into  the  MAGIC  II  System.  Using  this  option, 
the  abstraction  instructions  for  the  type  of  analyses 
desired  are  automatically  generated  by  the  System  when  the 
User  specifies  the  corresponding  option  on  the  ^Instruction 
Card.  This  Agendum  level  capability  will  be  discussed  in 
detail  after  the  presentation  and  explanation  of  the 
abstraction  instructions  themselves. 
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(1)  Statics  Instruction  Sequence  (STATICS) 

Figure  Il-c  presents  the  suggested  set  of  abstrac¬ 
tion  instructions  for  use  in  performing^  linearly  elastic 
displacement  and  stress  analysis.  It  - 

tiepr  is  net  restricted  to  this  p&rticuX&r  set  ox 
instructions.  The  flexibility  of  the  System^ allows  the  use 
of  additional  instructions  to  accommodate  special  needs  an 
requirements  of  the  User.  As  a  supplement  tothelnstruc 
+  n«ted  in  the  Figure.  Tables  III,  IV  ana  v-are  pro 
vided  Table  III  lists  definitions  of  terms  used  in  each 
Abstraction  package,  while  Table  IV  provides  engineering 
definition  for  each  abstraction  instruction  which  is 

exacuteHy  the  .In  add ition  jahle  Vprov Idee 

Matrix  Definition  for  all  matrices  used  in  the  STATICS 
Instruction  Sequence. 
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ISTATICS 

C 

C - STATICS  AGENDUM  WITHOUT  PRESCRIBED  DISPLACEMENTS 

C 

c  *«**«•******•♦*♦•***•* 

c 

C  STATICS  INSTRUCTION  SEOUENCE 

C 

C  V****.************** 

c 

C  uf  NERATE  ELEMENT  MATRICES 

C 

t  Ml.  IS  *.*XLD*  TP  *  » KE  L  *FTfcL  *  SEL  ♦  STE  L«»»SC*EM,  »*♦  *.U$ER04. 

C 

C 

C  FURM  (l  X  \)  UNIT  ANO  (l  X  II  NULL  MATRICES 

C  CL' T ERMINE  PRINT  FORMAT  FOR  TYPE  CF  ELEMENTS  USEC 

C 

II  *  SC.IOENTC. 

13  *  I  i. NULL.  SC< 

I .» I F  F  *  II  .SMULT.  SC  19*11 
C 

C  ASSEMBLE  STIFFNESS  MATRIX  AND  ELEMENT  APPLIED  LCACS 

C  -  - 

KELA  *  F.M  .ASSEM.  SC,MOI  . 

FTEL'A  *  EM  .A  SSEM  .  SC  «  KOI 
L SCALE* LOADS  *  XLD  .OE  JOIN.  (1 .11 

C 

C  REDUCE  STIFFNE  SS  MA.YRI  X  -AND  PRINT 

C 

KC*KNJ  «  KELA  .06 JOIN.  (  SC  (5*1 1*1 1. 

KCC, STIFF  «  KNO.DE  JOIN.  |»  SC  (5*1 1  *01 
PRINT! FORCE *0  ISP* *j  STIFF 

C  .  '  ..  ■ 

C  FORM  REDUCED  TOTAL  LOAD  COLUMN 

/£  ‘  < 

C  MUL  T I PLY  <E LEMENT  APPLI  ED  LOAOS  BY  LOAD  SCALAR 

FT  t  L  S  *  F  TE  L  A  .MULT i5 L SC  A  LE : 

C  TRANSFORM  EXTERNAL  LOAOS  TO  0-1-2  ASSEMBLED  SYSTEM 

.  L'JADO  «  TR. MULT. LOADS  , 

C  FORM  TOTAL  LIAO  COLUMNS 

(LOAD  «  F  TF  L  S .A  30 . LOAD 0 
TLiTLOADR  >«>'  UOAD.OF  JOIN,  f  ,SC(5*1)  *U 
C  -  , 

C  S.UVE  FOR  DISPLACEMENTS 

C  ..  , 

XX  «  STIFF .SEQEL.  TLOAOR 
TRC.TR12  *  TR.0EJ0IN.(SC(5.1I  *11 
X  «  TR  12.TMULT.XX  c 
XO  «  TR  .MULT.X 

C  c  -  ..... 

C  CALCULATE  REACTIONS  ANO  INVERSE  CHECK 

C  ''  ~  r 

REACTS  «  KELA.MULT.XC 
REACTP«  REACT  S.  SWT.  H.QAO  - 
IF  ID  IFF. NULL.  T  GO  TO  1.0 
C 

C  PRINT  ELEMENT  APPLIEO  LOADS*  EXTERNAL  LOAOS*  DISPLACEMENTS* 

C  REACTIONS  ANO  INVERSE  CHECK  IN  ENGINEERING  FORMAT 


00000010 

00000020 

00000030 

30000040 

*  *00000050 

00000060 

00000070 

00000080 

*  *00000090 

00000100 
00000110 
00000120 
00000130 
00000140 
000001 50 
00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000260 
00000270 
00000280 
.00000290 
00000300 
00000310 
00000320 
00000330 
00000340 
0000 C 3 50 
00000360 
0000037.0 
00000380 
00000390 
00000400' 
00000410 
00000420 
00000430 
00000440 
00000950 
00000460 
00000470 
06000480 
00000490 
00000500 
00000510 
00000520 
00000530 
00000540 
00000550 
00000560 
00000570 
00000580 
00006590 


Figure  II -c  STATICS  Agendum  Without  prescribed  Displacements 
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;,o  Op  OOO  00.0 


ELEMENTS  HAVE  i  OR  2  DEGREES  CF  FREEDOM 

GPR  INTI  4,  ,,FX.FY.  FZ.  MX.  MY.  MZ,  SC, TR  I FTELA 
GPR  IN  T ( 4, , , F  X.F Y.FZ. MX* MY. MZ ,SC ,  } LOADS 

GPR  IN T(  .?«  t , U.  V.  W.  THE  TAX.  THE TAY.THETAZ»$C *1 X 
r.P-  IN  T  ( l  *  , ,  F  X.F  Y.  F  Z.  MX.  MY.  MZ  *  SC , TR  I  RE  ACT  P 
IF  ( l  J. NULL. I  GO  TO  6C0 

ELEMENTS  HAVE  3  DEGREES  OF  FREEOCM 

VO  GPR  IN T (  4 , ,,FR. O.F  Z.  0.M6E TA. O.F  1.0. F3 , SC ,TR  I  FT ELA 
GRR  IN 7(4,  , ,FR.0«F  Z.  O.MBETA.  0. FJ  . 0.F3  «SC ,  HC AOS 

GPR  IN  f  (  ?i  , ,U.Oc W.O.  THEJAY.O.  M*.Q. W**,SC,  IX 
GPR INTI l,, ,FK. 0. F Z. 0.M8F TA.O.F  1.0.F3  ,SC  ,T R  >  REACT  P 

GENERATE  STRESSES  AND  FORCES  .. 

40C  ■'STP  ES°  *EM,XO  .STRESS.  (4,) 

FORCEP  *EMiXO  .FORCE., <4, I 


00000600 
00000610 
00000620 
00000630 
00000640 
00000650 
00000660 
00000670 
00000680 
00000690 
00000700 
00000710' 
00000720 
00000730 
00000740 
0000 0750 
OOO 00 760 
00000770 
00000780 
00000790 


Figure  IT-c  STATICS'  Agendum  (Concluded) 
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TABLE  III 

PRELIMINARY  DEFINITIONS 


Unordered  System  -  The  arrangement  of  the  assembled 

system  according  to  the  boundary 
table  and  grid  points.  Points  which 
are  free,  fixed  or  displaced  are 
intermixed. 


0's  -  Points  which  have  a  0  boundary 

condition.  No  displacements  are 
•allowed  at  these  points. 

1*8  -  Points  which  have  a  1  boundary 

condition.  Displacements  are 
allowed  at  these  points. 


2's 


Points  .which  have  prescribed  dis¬ 
placements  on  them. 


0-1  Ordered  System  -  System  where  all  U‘s  are  placed  first 

and  all  l*s  after  them.  The  ASSEM 
abstraction  instruction  generates 
matrices  in  this  form.  All  processing 
by  the  abstraction  sequences  uses 
this  form  with  the  exception  of  che 
print  routines;  The  system  can  be 
written  as: 


r  n 

r  l 

r  1 

-*00 

K01 

o 

X 

■  ss 

po 

K10 

*  1 

rH 

H 

SeS 

_pi. 

Note  that  this  system  is  the  0-1-2 
ordered  system  with  no  2's. 


NSYS 


NMDB 


The  order  of  the  assembled  unreduced 
•system,  i.e.,  the  number  of  0’s  + 
l’s  +  2’s. 

The  order  of  the  reduced  system  (i.e.;, 
the  number  of  l’s  plus  the  number 
of  2's. 
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TABLE  III 
(CONCLUDED ) 

NMDBO  -  Number  of  0's  in  the  system. 

NMDB1  -  Number  of  I's  in  the  system. 

NMDB2  -  Number  of  2's  in  the  system. 

NL  -  Number  of  load  conditions  in  the 

problem. 


0-1-2  Ordered  System 


System  where  all  0's  are  placed  first, 
all  l's  next,  and  finally  all  2’s 
are  last.  The  .ASSEM,  instruction 
generates  matrices  in  this  form. 

All  processing  by  the  abstraction 
instructions  uses  this  form  with  the 
exception  of  the  print  routine.  The 
system  for  the  statics  problem  can  be 
written  as 


Note  that  this  reduces  to  the  0-1  ordered 
system  iwhen  NMDB2  *  0 . 


Reduced  System  -  0-1-2  ordered  system  or  0-1  ordered 

system  with  O’ s  removed.- 

NL48  -  Product  of  the  number  of  degrees  of 

freedom  for-  the  element  (maximum  is 

48)  and  the  number  of  1  ading  conditions. . 

NELEM  -  Number  of  elements  used  in  idealization 

NVALUE  -  Number  of  eigenvalues  and  eigenvectors 

desired. 
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TABLE  IV 


STATICS  INSTRUCTION  SEQUENCE 
(Step  by  Step  Description) 


Instruction  and  Explanation 


,MLIB, , XLD , TR , , KEL , FTEL ,  SEL , STEL , , ,SC,EM, 

«,,matl,.usero5. 

Generates  element  matrices  required  for 
the  statics  problem.  Note  that  names 
must  be  included  for  KEL,  FTEL,  SEL,  STEL 
even  though  they  are  not  used  in  the 
abstractions  directly.  The  names  must 
be  present  to  insure  that  the  matrices 
are  generated  by  the  module  and  placed  in 
the  EM  array.  MATL  is  an  optional  material 
library  maintained  by  the  user. 


Il-SC.IDENTC. 

Forms  a  1  x  1  identity  matrix  in  II.  This 
corresponds  to  a  scalar  value  of  1.0  which 
is  used  in  multiplication  later  to  form 
the  print  control  matrix  DIFF. 


T3-Il.NULL.se 

Forms  a  1  x  1  null  matrix  which  is  used  to 
generate  unconditional  ’GO  TO’  statements 
needed  below. 


DIFF-Il.SMULT.SC (9,  1) 
[PIFF]-[I1]»SC(9,  1) 


Forms  the  print  control  matrix  which  is 
used  to  generate  the  correct  headings  for 
engineering  printout.  A  value  of  0.0  for 
DIFF  means  that  the  elements  and  the -system 
have  3  degrees  of  freedom  per  grid  point. 

If  DIFF  is  not  zero,  the  system  and  elements 
Have  1  or  2  degrees  of  freedom  per  grid 
point. 


TABLE  IV 
(Continued) 


_ Instruction  and  Explanation _ 

KELA-EM . ASSEM . SC , ( 1 0 ) 

Forms  the  assembled  stiffness  matrix  KELA 
in  the  0-1  ordered  system  from  the  element 
stiffness  matrices  stored  in  EM  as  columns. 
SC  contains  system  constants  required  by 
the  .ASSEM.  routine. 


FTELA«EM. ASSEM. SC, (HO) 

Forms  the  assembled  element  applied  load 
column  in  the  0-1  ordered  system  from  the 
element  applied  load  columns  stored  in  EM 
as  columns. 


LSCALE,LOADS=XLD. DEJOIN. (1,1) 

PFJ-  M 

The  load  scalars  LSCALE  and  the  external 
load  columns  LOADS  are  dejoined  from  the 
XLD  matrix.  The  XLD  matrix  consists  of  the 
external  columns  with,  the  corresponding 
load  scalar  as  the  first  row. 


KO,KNO-KELA. DEJOIN . (SC  <5,1 ) , 1 ) 

tK^A] 

The  NMDB  rows  of  KELA  which  correspond  to 
the  i»V  are .formed  in  KNO . 

KCO ,STIFF«KN0 .DEJOIN . (SC ( 5 ,1 ) , Q) 

[kco;  stiff)  .»  [kno) 

The  (NMDB  x  NMDB)  reduced  stiffness  matrix 
is  formed  in  STIFF.  Matrix  STIFF  is 
analogous  to  partition  in  the  definition 

of  the  0-1  ordered  system. 

PRINT(FORCE,DISP, , )  STIFF 

Prints  the  reduced  stiffness  matrix. 


TABLE  IV 
(Continued) 


Statement 


11 


12 


13 


1.4 


15 


Number  _ Instruction  and  Explanation _ 

FTELS-FTELA . MULT . LSCALE 
[FTELS]  «  [FTELA]  [LSCALE] 

Forms  NL  element  applied  load  columns 
by  multiplying  the  element  applied  load 
column  by  the  corresponding  load  scalar. 

L0AD0*TR . MULT . LOADS 
[LOADO]  -  [TR]  [LOADS] 

Forms  the  transformed  0-1  assembled  external 
load  columns  from  the  unordered  LOADS. 

TLOAD-FTELS . ADD . LOADO 
[TLOAD]  «  [FTELS]  +  [LOADO] 

Forms  the  total  load  column 
TLOAD  -  (scalar)  *  FTEL  +  LOADO 
in  the  0-1  assembled  system. 

TL ;TLOADR-TLOAD . DEJOIN . ( SC ( 5 , 1 ) , 1 ) 

[tcoxdr]:  *  CT^AD3 

Forms  the  reduced  total  load  column  TLOADR 
Which  reflects  only  freepoints.  TLOADR  is 
analogous  to  partition  P2  in  the  definition 

of  the  0-1  ordered  system. 

XX-STIFF . SEQEL . TLOADR 
[STIFF]  [XX]  :»  [TLOADR] 

Solves  for  the  displacements  in  the  reduced 
system  XX  by  using  Jordan  elimination  process 
to  solve  the  syrtem  of  simultaneous 
equations. 
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■V  -- 


Statement  Number 


16 


17 


18 


19 


20 


21 


•  *■  Win*  -»r-.Vv 


TABLE  IV 
(Continued) 

_ Instruction  and  Explanation _ 

TRO ,TR12»TR . DEJOIN . ( SC ( 5 , 1 ) , 1 ) 

[tots]  *  M 

Forms  matrix  TR12  which  when  transposed 
will  map  the  reduced  system  of  XX  into 
the  full  unordered  system  of  displacements 
X. 

X-TR12.TMULT.XX 
X  -  [TR12]T[XX] 

Forms  unordered  system  of  displacements 
used  for  printout  in  X. 

XO-TR.MULT.X 

[XO]  «[TR]  [X] 

Forms  0-1  ordered  displacement  columns  in  XO. 

REACTS-KELA . MULT . XO 
[REACTS}  «  [kela]  [xo] 

Format  product .  of  assembled  ordered  stiffness 
matrix  KELAl and  assembled  ordered  displacement 
columns  XO. 

REACTP-REACTS .SUBT . TLOAD 

Ereactp]  -  [kela]  :[xo]  -  [tload] 

Forms  reactions  and  inverse  check  in 
REACTP. 

IF  (DIF?.  NULL.,)  Q0  TO 

-Test  print  control'  for  number  of  degrees 
of  freedom  per  grid  point. 
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» 


t 


Statement 


22 

23 

24 

25 

26 


27 

28 

29 

30 


31 


32 


. 


TABLE  IV 
(Concluded) 


Number  Instruction  and  Explanation 


GPRINT ( 4 , , , PX . FY . PZ . MX . MY . MZ , SC , TR )  PTELA 
G PRINT ( 4 , , , PX . FY . PZ . MX . MY . MZ , SC , )  LOADS 
GPRINT(2,,,U.V.W.THETAX.THETAY.THETAZ,SC,)  X 
GPRINT(1,,,FX.FY.FZ.MX.MY.MZ.SC,TR)  REACTP 
IF (1 3. NULL. )  GO  TO  600 

Print  out  element  applied  loads,  external 
loads,  displacements,  and  reactions  In 
engineering  format  for  elements  with  1  or 
2  degrees  of  freedom.  Control  is  then 
passed  to  statement  numbered  600. 


10  GPRINT (4 , , ,FR. O.FZ . O.MBETA. 0.P1 . O.F3»SC,TR)  FTELA 
GPRINT (4 , , ,FR. O.FZ . O.MBETA. G.P1 . O.F3,SC, )  LOADS 
GPRINT ( 2 , , ,V. O.W. O.THETAY . 0. W* . 0. W** ,SC, )  X 
GPRINT ( 1 , , ,PR. O.PZ .O.MBETA. 0.F1 . O.F3»SC,TR)REACTP 

Print  out  element  applied  loads,  external 
loads,  displacements,  and  reactions  in 
engineering  format  for  elements  with  3 
degrees  of  freedom  per  grid  point. 

600  STRESP»EM,XO. STRESS. (4,) 

Calculates  and  prints  net  element  stresses 
for  each  element  and  each  load  condition. 

The  stress  computations  are  based  on 
displacements-. 


FORCEP?EM,XO .  FORCE.  (4 , 

Calculates  and  prints  net  element  forces  for 
each  element  and  each  load  condition.  The 
force  computation  is  based  on  displacements. 
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Scalar*Value 


TABLE  V,  (Concluded) 


(2)  Statics  Instruction  Sequence  With  Condensation 
(STATICS C) 


Figure  Il-d  presents  the  suggested  set  of  ahstrac 
tion  instructions  for  use  in  performing  a  linearly  elastic 
displacement  and  stress  analysis  with  condensation.  The 
condensation  (reduction)  technique  is  that  of  Guyan 
(Reference  7) •  With  the  use  of  this  option,  the  User  is 
provided  the  flexibility  to  perform  a  static  analysis 
utilizing  a  rational  condensation  procedure.  The  only 
basic  difference  in  abstraction  instructions  between  using 
the  statics  with  condensation  option  and  the  standard 
statics  option  is  the  additional  instructions  required  to 
form  the  condensed  stiffness  matrix,  i.e., 

[«].  *[K11  -  K12Tk22'X  K2l] 


These  differences  can  be  clearly  noted  upon  comparison  of 
STATICS  (Figure  II-c)  with  STATICSC  (Figure  Il-d). 


1ST  AT IC  SC  00003460 

C  00003470 


C - STATICS  AGENDUM*  WITH  CONDENSATION 

C 

C  +****h«i*«i** 

C 

C  STATICS  INSTRUCTION  SEQUENCE 

C 

t  *  *.*««***** 


00003480 

00003490 

♦  ••A******  *00003500 

•  00003510 
00003520 
00003530 

c*********  *00003540 


f 

C  GENERATE  ELEMENT  MATRICES 

C 

*  ML  JR*  »XLD«  TR  *  »KE L »FTfcL  ,  SF  L ,  STEL »  » »SC  »EM,  »*,  ..USER04. 

C 

C  FORM  I  *  X  II  UNIT  AND  II  XU  NULL  MATRICES 

C  CETEPMINE  PRINT  FORMAT  FOR  TYPE  CF  ELEMENTS  US  EC 

11  *  SC.IOENTC. 

13  =  IJ.NULL.SC 
OIFE  *  U  .  SMULT.  SC  (9*11 
C 

C  ASSEMBLE  STIFFNESS  MATRIX  AND  ELEMENT  APPLIED  LCACS 

f. 

KEIA  *  LM  cASSEM.  SC, (101 
FTELA  *  EM  .ASS6M  .SC  *(401 


C 

C  REDUCE  STIFFNESS  MATRIX  ANO  PRINT 

C 

KC,KNO  «  KFLA  .UE  JOIN.  (  SC  (5,1  »  ,11 
KCC, STIFF  -=  KNO.OE JOIN.  (  SC(5,1>,0> 

PR  IN T t FORCE ,DI SP, , I  STIFF 

C 

c  FORM  REDUCED  TGTAL  LOAD  COLUMN 

C 

ISC  ALE, LOADS  *  XLD  .OE  JOIN,  (i  ,1) 

C  MULTIPLE  ELEMENT  APPLIED  LOAOS  BY  LCAD  SCALAR 

FTELS  =  FTELA.MULT.L  SCALE 

C - CONDENSE  ASSEMBLED  STIFFNESS  MATRIX 

TCP, BO T  «  STIFF  ,0E JOIN.  (SC (6 ,11,1) 

X  1  I  ,K  12  «  TOP  .OEJQIN.  (SC  (6, 11,0) 

K)2T,K22  «  BUT  .DEJOIN.  (SC(6,1),0) 


C 

C - CC'NCENSE  EXTERNAL  LOAD  COLUMNS 


P0,P12  *  LOADS  .OEJOIN.  (SC(5*l),ll 
P  1 , P 2  *  P12  .DEJOIN.  (  SC  (6,1)  ,11 

C 

C - form  (KU  -  K12*K22  ( INVSI  *K12TI 

C 

Kill  *  -K22  .INVERS. 

KP1  »  K221  .MULT.  KI2T 
KR2  *  K12  .MLLT.KR1 
KR  *  KU  .ADD.  KR2 

C - SOLVE  FOR  DISPLACEMENTS  01 

91  »  KR  .SEQFL.  PI 

C - SOLVE  FOR  DISPLACEMENTS  02 

02  «  KR 1  .MULT.  Dl 


00003550 

00003560 

00003570 

000035B0 

00003590 

00003600 

00003610 

00003620 

00003630 

00003640 

00003650 

00003660 

00003670 

00003680 

00003690 

00003700 

00003710 

00003720 

00003730 

00003740 

00003750 

00003760 

00003770 

00003780 

00003790 

00003800 

00003810 

00003820 

00003830 

00003840 

00003850 

00003860 

00003870 

00003880 

00003890 

00003900 

00003910 

00003920 

000039.30 

00003940 

00003950 

00003960 

00003970 

00003980 

00003990 

00004000 


Figure  ll-d  Statics  Agendum  With  Condensation 
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c - FOP V  TOTAL  D!  SPLACEMET  VECTOR 

f) I  T  =  01  .TRANSP. 

D2T  =  02  .TRANSP. 

012  =  OIT  • ADJOIN.  02T 
XX  =  012  .TRANSP. 

C - LXPANO  DISPLACEMENTS  TO  TOTAL  SYSTEM  DEGREES  OF 


C - FREEDOM  AND  REARRANGE  TO  U-l-2  SYSTEM 

TROiTK1?  =  TP,0fcJ0IN*<SC(5,l  )  ,1) 

X  =  TR  12.TMULT.  XX 
XO  =  Tft.MULT.  X 
C 

C  CALCULATE  REACTIONS  AND  INVERSE  CHECK 

C 

REACTS  *  KELA.MULT.  XO 
R  E  A  C  T  P  =  REACTS.  SUB T.  TLOAO 
IF  (0  IFF .NULL. )  GO  TO  10 

C 

C  PRINT  ELEMENT  APPLIED  LOADS*  EXTERNAL  LOADS*  DISPLACEMENTS, 

C  REACTIONS  A NO  INVERSE  CHECK  IN  ENGINEERING  F CRM AT 

C 

C  ELEMENTS  HAVE  l  OP  2  DEGREES  CF  FREEDOM 

C 

(»:  ’■  INTI  A*  *,  FX.F  Y.FZ.MX.MY.  MZ?SC*TR  IFTEIA 
GPR  IN  T  (  4,  *  * F x.F  Y« F  Z.  MX. MY. MZ  *SC *  > LOADS 

GPR  IN  T(  2,,,U.V.  ft.  THE  TAX.  THE  TAY.  TH  ETAZ.SC  ,  I X 
GPR  INTC  ,,,  FX.F  Y.FZ.MX.MY.  M7,SC»TR  IR6ACTP 
IF  I  I J. NULL.)  GO  TO  fcCC 
C 

C  ELEMENTS  HAVE  3  DEGREES  OF  FREEDOM 

C 

TO  GPK  INT(4,,*FR.0.FZ.  0.H9ETA.  0.F1.0.F3*SC,TR  )  FT  ELA 
GPR  IN  T  <  A,  * , FP  .  0. F  Z.  0. MBE  TA.  0. F I.  0. F 3  , SC  ,  )  LOADS 

L-PR  IN'  (  2*  ,  *  U.  6.  «i.  0.  THE  TA Yi  0.  M*«0.  W*  *  »SC  »  )X 
GPR  INTI  5:,  * tFR.O.FZ. 0,MBETA.0.Fl*0.F3,SC»TR  )  REACT  P 

C 

C  GENERATE  STRESSES  AND  FORCES 

C 

6UC.  STRESP  *  EM  *  XO  .STRESS.  14*1 
FORCEP  *  EM*XO  .FORCE.  (4,) 


000040)0 

00004020 

00004030 

00004040 

00004050 

00004060 

00004070 

00004C80 

00004090 

00004100 

00004110 

00004120 

00004130 

00004140 

00004150 

00004160 

00004170 

00004180 

00004190 

00004200 

00004210 

00004220 

00004230 

00004240 

0000*250 

00004260 

00004270 

00004280 

00004290 

00004300 

00004310 

00004320 

00004330 

00004340 

00004350 

00004360 

00004370 

0000438C 

00004.390 


Figure  II-d  Statics  Agendum  With  Condensation  (Concluded) 


(3)  Statics  Instruction  Sequence  with  Prescribed 
Displacements  (S7-.TICS2) 


Figure  Il-e  presents  the  suggested  set  of 
abstraction  instructions  for  use  in  performing  a  linearly 
elastic  displacement  and  stress  analysis  with  prescribed 
displacements.  With  the  use  of  this  option,  applied  loading 
may  be  prescribed  in  terms  of  non-zero  displacement  values  . 

The  number  of  prescribed  displaced  grid  points  is  the  number 
of  grid  points  that  are  assigned  known  values  of  displacement 
other  than  zero.  A  specialized  pre-printed  input  data  form  is 
provided  for  input  of  prescribed  displacements.  This  form  will 
be  discussed  in  detail  in  the  Structural  Input  Data  Section. 


Tables  VI  and  VII  are  provided  as  supplements 
to  Figure  Il-e.  Table  VI  provides  engineering  definition  for 
each  abstraction  instruction  listed  in  Figure  Il-e;  while 
Table  VII  provides  matrix  definition  for  all  matrices  used  in 
the  STATICS2  Abstraction  Instruction  Sequence. 
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1ST  AT  ICS2  00000800 

G  00000810 

C - STATICS  AUENDLM  WITH  PRESCRIBED  01  SPLACEMENTS  00000820 

C  00000830 

C  STATICS  1NSTRUCTICN  SEQUENCE  000008*0 

C  00000850 

C  GYRATE  ELEMENT  MATRICES  00000860 

.ML  Hi,  ♦XLOfTP  ,  ,KEL,f  TEL,SEL,STEL»,,SC,EM,PD*,,  ,.USER04.  000  0  0870 

C  00000880 

C  FORM  (1  X  II  UNIT  ANU  (I  X  tl  NULL  MATRICES  00000850 

C  DETERMINE  PRINT  F CP MAT  FOR  TYPE  CF  ELEMENTS  US  EC  00000900 

C  00000910 

II  -  SC.IOENTC.  00000920 

13  *  Il.NULL.SC  00000930 

OIFF  *  11  .SMLLT.  SC  (9,11  000  0  0940 

C  00000950 

C  ASSEMBLE  STIFFNESS  MATRIX  AND  ELEMENT  APPLIED  LCACS  00000960 

C  00000970 

K  EL  A  *  EM  .ASSEM.  SC,  1101  00000980 

FTELA  *  EM  .ASSEM  .  SC  ♦  (401  00000990 

L  SCALE  .LOAD  S  «  XLt)  .Ofc  JOIN.  (1  ,1)  00001000 

C  0000 1010 

C  REDUCE  STIFFNESS  MATRIX  AND  PR  t  NT  00001020 

C  00001030 

KCfKNQ  *  KELA  .DE JOIN. I  SC  15, 11,1)  00001040 

KCC, STIFF  ■  KNO.DE JOIN. I  SC (5,11, 01  00001050 

PR  INTI  FORCE ,0 ISP,, 1  STIFF  00001060 

C  00001070 

C  MULTIPLY  ELEMENT  APPLIED  LOADS  8Y  LOAD  SCALAR  00001080 

FTELS  *  FTELA.MULT.  L SCALE  00001090 

C  TRANSFORM  EXTERNAL  LOADS  TO  0-1-2  ASSEMBLED  SYSTEM  00001100 

LC.ACO  «  TR. MULT. LOADS  0000 1110 

C  FORM  TOTAL  LOAD  COLUMNS  00001120 

TLOAD  *  FTE L S. ADO. LOAD 0  00001130 

TL.TLOADR  «  TLOAD.Ofe  JOI  N.  I  SC  (5  .1 1  ,1 1  00001140 

C  00001150 

C  SOLVE  FOR  DISPLACEMENTS  00001160 

C  PRESCRIBED  DISPLACEMENTS  ARE  PRESENT  0000  U70 

C  00001180 


Figure  Il-e  Statics  Agendum  With  Prescribed  Displacements 
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(_>  •_>  O  O  O  O  o  o. 


K1,X2  =  STI FF.DE JUl N. I  SC  1 6  ,1 )  ,)) 

K  U,KU  -  KI.OEJOIN.  (SCIfe.U  ,0) 

POO  =  TR.MWL7.P0 

=  POO  .DEJOIN.  (  SC(B,l),l) 

K  3  =  K  12.MUIT.02 

PJ,P’  =  TLOAOR.DE  JOIN.  (SC  (6,1)  ,1  > 

K  4  =  P1.SU6T.K3 
XI  =  K  11.  S60E  l.X.4 
XH  =  X)  .TRANS*, 

X  2  T  =  02.TRANSP. 

^t'.'xJt.'Cukcc’12'  not  reproducible 

XT  :  XCT. ADJOIN.  X12T 
XU  =  XT.TFANSP. 

X  =  TrL.TMULT.XO 

CALCULATE  AND  PRINT  REACTIONS 

PEACTT  =  KELA.MULT.  XO 
REACT  *  Rf ACTT. SUBT. TLOAO 


ELEMENTS  HAVE  3 


DEGREES  OF  FREEDOM 


PPINT  ELEMENT  APPLIEO  LOADS  AND  EXTERNAL  LOADS 
PRINT  ASSEMBLED  DISPLACEMENT  COLUMN 

IF  (OIFF.NULL.)  GO  TC  10 

GPP  INTI  A, ttpX.FV. FZ.MX.  MY.  MZ  »SC»TR  IFT6LA 
GPP  INT-(  4,  t » FX.F  Y. F  Z.  MX.  MV.  MZ  ,$C «  »  LOADS 

OFF  IN  T (  2 1 ,  t  u.  V.  W.  THE  TA  X.  THE TAY.  THETAZ »  SC, )  X 
GPR  IN  T  ( l,,,FX.FY.FZ.MX.MY.MZ,SC,TR  I  RE  ACT 
IF  (I?. NULL.)  GO  TO  tO 

ELEMENTS  HAVE  3  OEGREE  S  OF  FPEEOCM 

GPP  MT(  4,,fr-P.0.FZ.0.MBETA.0.F1.0.F3,SC,TR  )  FTELA 
GPP  IN  T  (  A  ?  , ,  FF  .  0.  F  2.  0. MBE  TA.  0, F l.  0.  F3  ,SC  »  )  LOADS 

GPP  IN  T  C  2,,,U.C.W.O.  THETAY.  0.  W*.O.M*,SC»)  X 
GPP  INTI  «,,,FR.O.FZ.O.MBETA.O.FI.O.F3,SC,TR  )  REACT 

GENERATE  STRESSES  AND  FORCES 


STRESS  *  EM , XO  .STRESS.  14,) 
FORCE  *  EM, XO  .FORCE.  (4,) 


oooomo 

00001200 

00001210 

00001220 

00001230 

00001240 

00001250 

00001260 

00001270 

00001280 

00001200 

00001300 

00001310 

00001320 

00001330 

00001340 

00001350 

00001360 

00001370 

00001380 

00001390 

00001400 

00001410 

00001420 

00001430 

00001440 

00001450 

00001460 

00001470 

00001480 

00001490 

00001500 

00001510 

00001520 

00001530 

00001540 

00001550 

00001560 

00001570 

00001580 

00001590 

00001600 

00001619 

00001620 


Figure  Il-e  Statics  Agendum  With  Prescribed  Displacements  (Continued) 
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TABLE  VI 


STATICS  WITH  PRESCRIBED  DISPLACEMENTS  INSTRUCTION  SEQUENCE 
(Step  by  Step  Description) 


Statement  Number 


Instruction  and  Explanation 


1  ,MLIB, , XLD , TR ,, KEL , FTEL , SEL , STEL , , ,SC, 

EM,PD= , ,MATL, .USERQlJ . 

Generate  the  element  matrices  needed  for 
the  statics  problem  with  prescribed  dis¬ 
placements.  The  names  KEL,  FTEL,  SEL,  STEL 
must  be  present  to  cause  these  matrices  to 
he  generated  in  EM.  MATL  is  an  optional 
material  library  maintained  by  the  user. 


2  I1=FTEL . IDENTC . 

[il]  =  {1.0} 

Forms  a  (1  x  i)  identity  matrix  in  II.  The 
value  of  l.G  will  be  used  to  form  the  print 
control  matrix  DIFF. 


I 3=11. NULL. FTEL 

[13]  =  (0.0) 

« 

Forms  a  (1  x  1)  null  matrix  in  13  which 
is  used  to  generate  an  unconditional  GO  TO 
when  used  in  an  ’IF*  instruction. 


4  DIFF=I1.SMULT.SC(9,  1) 

DIFF  =  {1.0}  *  (SC(  9,  1  )} 

Forms  the  print  control  matrix  DIFF  which 
is  used  to  generate  the  correct  headings 
for  engineering  printout.  A  value  of  0.0 
for  DIFF  means  that  the  elements  and  the 
system  have  3  degrees  of  freedom  per  grid 
point.  If  DIFF  is  non-zero,  the  elements 
and  system  have  1  or  2  degrees  of  freedom 
per  grid  point. 
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TABIE  VI  (Continued) 


Statement  Number 


Instruction  and  Explanation 


KELA*EM . ASSEM . SC , ( 10 ) 

Forms  the  0-1-2  ordered  assembled  stiffness 
matrix  KELA  from  the  element  stiffness 
matrices  stored  as  columns  in  EM.  SC 
contains  system  constants  required  by  the 
ASSEM. routine. 


6  FTELA=EM. ASSEM. SC,  (40) 

Forms  the  0-1-2  ordered  assembled  element 
applied  load  columns  from  the  element  applied 
load  columns  stored  in  EM. 


7 


LSCALE , LOADS*XLD . DEJOIN .(1,1) 

M  - 

The  load  scalars  LSCALE  and  the  extarnal 
load  columns  LOADS  are  dejoined  from  the 
XLD  matrix.  XLD  consists  of  the  NL  external 
load  columns  with  the  corresponding  load 
scalar  as  the  first  row. 


8  KO,KNO«KELA. DEJOIN. (SC(5,1),1) 

[kro]  *  CKELAJ 

The  NMDB  rows  of  KELA  which  correspond  to 
l’s  and  2's  are  formed  in  KNO. 


9 


KCO , STIFF-KNO . DE JOIN . ( SC ( 5 , 1 ) *  0 ) 

[KC0{  STIFF]  «  [KNO] 

The  (NMDB  x  NMDB)  reduced  stiffness  matrix 
Is  formed  in  STIFF.  This  matrix  corresponds 
to  the 


partitions  in  the  definition  of  the  0-1-2 
ordered  system. 
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TABLE  VI  (Continued) 


Statement  Number 


Instruction  and  Explanation 


10  PRINT(FORCE,DISP,,)  STIFF 

Prints  the  reduced  stiffness  matrix. 

11  FTELS=FTELA. MULT. LSC ALE 

[FTELS]  =  [FTELA]  [LSCALE] 

Forms  NL  element  applied  load  columns 
FTELS  by  multiplying  the  element  applied 
load  columns  FTELA  by  the  corresponding 
load  scalar  LSCALE. 


12  LOADO=TR. MULT. LOADS 

[LOADO]  =  [TR]  [LOADS] 

Transforms  the  unordered  total  load  columns 
LOADS  into  the  0-1-2  ordered  assembled  load 
columns  LOADO. 


13  TLOAD=FTELS, ADD. LOADO 

[TLOAD]  =  [FTELA]  [LSCALE]  +  [LOADO] 

Forms  the  NL  total  load  column  in  the  0-1-2 
ordered  assembled  system  by  adding  the 
external  load  columns  and  a  scalar  times 
the  element  applied  load  column. 

1H  TL , TLOADRsTLOAD . DEJOIN . ( SC ( 8 , 1 ) , 1 ) 

[tcmdr]  *  CTL0AD] 

Forms  the  reduced  total  load  column  TLOADR 
which  reflects  l's  and  2's.  P2  Is 
analogous  to  the  P2  partition  in  the 
definition  of  the  0-1-2  ordered  system. 


15 


Kl, K2*STIFF. DEJOIN. (SC( 6, 1),1) 


1 

1 


Kl 

u 


-  [stiff] 


Forms  the  NMDB1  rows  of  STIFF  which 
corresponds  to  l’s  in  Kl.  Kl  corresponds 
to  partitions  [Kn;Ki2j  in  the  definition 

of  the  0-1-2  ordered  system. 
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TABLE  VI  (Continued) 


Statement  Number 


Instruction  and  Explanation 


16  Kll ,K12=K1. DEJOIN. (SC( 6,1) ,0) 

[kii;ki2]  =  [Kl] 

Forms  the  submatrices  Kll  and  K12  which 
correspond  to  the  partitions  with  the 
same  names  in  the  definition  of  the  0-1-2 
ordered  system. 

17  PD0=TR . MULT . PD 

[PDO]  =  [TR]  [PD] 

Transforms  the  unordered  prescribed  dis¬ 
placement  columns  PD  into  the  0-1-2  ordered 
assembled  prescribed  displacement  columns 
PDO. 

18  PR,D2=PD0. DEJOIN. (SC(8,1),1) 

[—55—1  *  M 

Forms  the  NMDB2  rows  of  PDO  which  correspond 
to  the  2's  in  D2.  D2  corresponds  to  partition 
X2  in  the  definition  of  the  0-1-2  ordered 
system. 

19  K3*K12 . MULT . D2 

[K3]  =  [K12]  [D2] 

Forms  the  product  of  the  KI2  matrix  and  the 
D2  displacement  columns  in  matrix  K3. 


20 


PI, P2=TL0ADR. DEJOIN 


[TLOADRJ 


(SC(6,1) ,1 ) 


Forms  matrices  PI  and  P2  which  correspond 
to  the  loads  for  l's  and  2’s  respectively. 
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TABLE  VI  (Continued) 


_ Instruction  and  Explanation _ 

KH=P1.SUBT.K3 

[«]|s  [PI]  -  [K12]  [D2] 

Forms  the  new  reduced  total  load  columns 
in  K4.  This  represents  the  elimination 
of  the  prescribed  displacements  from  the 
problem. 

Xi=Kll .SEQEL.K^ 

[KH]  [XI]  =  [K4] 

Solves  for  the  unknown  displacements  l's 
using  a  Jordan  elimination  scheme  to  solve 
the  reduced  system  of  simultaneous  equations. 

X1T=X1.TRANSP. 

[xit]  =  [Xl]T 

Form  the  transpose  of  the  displacement 
columns  XI  in  XIT. 

X2T=D2 .TRANSP. 

[X2T]  =  [D2]T 

Form  the  transpose  of  the  prescribed 
displacement  columns  (2's)  in  X2T. 

X12T=X1T.ADJ0IN.X2T 
[X'.2T]  =  [XIT]  [v'*r] 

Form  the  transpose  of  the  displacement 
columns  corresponding  to  l's  and  2's 
in  X12T. 

X0T«X1T.NULL. KCO 

Form  a  null  matrix  which  represents  the 
displacements  for  fixed  points,  (ie., 
no  displacements  are  allowed  for  0's). 

XT*X0T. ADJOIN. XI 2T 

[xt]  *  |xot|  |xi2tJ 

Form  the  transpose  of  the  C-l-2  ordered 
assembled  displacement  columns  in  XT. 


TABLE  VT  (Continued) 


K 


s 

5 

E 

•V 

?. 

¥■ 

E 

I 


Statement  Number 


I  ns  t  ruction  and  Explanation 


28  XO=XT.TRANSP. 

[XO]  =  [XT]T 

Form  the  0-1-2  ordered  assembled 
displacement  columns  in  XO. 

29  X=TR.TMULT.XO 

X  «  [tr]t[xo] 

Form  the  unordered  displacement  columns 
in  X  which  will  be  used  for  printout. 

30  reactt=kela.mult.xo 

[reactt]  =  lkela]  M 

Forms  the  product  of  the  0-1—2  assembled 
stiffness  matrix  KELA  and  the  0-1-2 
assembled  ordered  displacement  columns 
XO. 

n  REACT*RE/;CTT.  SUBT  .TLOAD 

[react]  =  [kela]  [xo]  -  {tload] 

Forms  the  reactions  and  inverse  check  in 
REACT. 


IF(DIFF.NULL.)  GO  TO  10 

Test  print  control  for  number  of  degrees 
of  freedom  per  grid  point. 


33 

34 

35 

36 

37 


PRINT(4,,,FX.FY.FZ.MX.MY.MZ,SC,TR)  FTELA 
PRINT ( ^ , , ,FX.FY.FZ .MX.MY .MZ ,SC, )  LOADS 
I  PRINT ( 2 , , ,U . V . W . THETAX . THETA Y . THETAZ , SC , )  X 
i  PRINT ( 1, , ,FX.FY .FZ.MX.MY ,MZ.SC,TR)  REACT 
wn  MIIT.T..  }  GO  TO  600 


Print  out  element  applied  load^,  external 
loads,  displacements,  and  reactions  in 
engineering  format  for  elements  with  1  or 
2  degrees  of  freedom.  Control  is  then 
passed  to  statement  numbered  600. 


64 


TABLE  VI  (Concluded) 


_ Instruction  and  Explanation _ 

G PRINT ( 4 , , ,FR . 0 . FZ . 0 . MBETA . 0 . PI . 0 . F3 , SC ,TR )FTELA 
GPRINT(it, ,  ,FR.0.FZ.0.MBETA.Q.F1.0.F3,SC  . ) LOADS 
GPR7.NT(2,,,V.0.W.0.THE?AY,0.W».0.W**,SC,}  X 
GPRINT ( 1 , , , FR . 0 . FZ . 0 . MBETA . 0 . FI . 0 . F3  >  SC ,TR ) REACT 

Print  out  element  applied  loads,  external 
loads,  displacements,  and  reactions  in  e 
engineering  format  for  elements  with  3  degrees 
of  freedom  per  grid  point. 

600  STRESS»EM, X0. STRESS.  (4,) 

Calculates  and  prints  net  element  stresses 
for  each  element  and  each  load  condition. 

The  stress  computations  are  based  on 
displacements . 

F0RCE=EM , X0 , FORCE . ( 4 , } 

Calculates  and  prints  net  element  forces 
for  each  element  and  each  load  condition. 

The  force  computations  is  based  on 
displacements. 
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FORCE  {  NL^8  X  NELEM  )  Element  force  matrices  stored  for  each 

load  condition  as  columns 

REACTT  (  NSYS  X  NL  )  Product  of  0-1-2  assembled  stiffness 

***"’  matrix  and  displacement  columns 

REACT  (  NSYS  X  NL  )  Reactions  based  on  first  load  condition 
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(4)  Stability  Analysis  Instruction  Sequence  (STABILITY) 


Figure  Il-f  presents  the  suggested  set  of  abstrac¬ 
tion  instructions  for  use  in  performing  elastic  instability 
analyses.  The  abstraction  instructions  presented  in  Figure  Il-f 
are  given  engineering  definition  in  Tables  VIII  and  IX. 

The  structural  stability  analysis  is  a  two-phase 
process,  the  first  step  of  which  is  a  linear  elastic  stress 
analysis  for  which  the  initial  stress  state  is  zero.  The 
second  phase  of  the  analysis  procedure,  begins  with  the 
formation  of  element  incremental  stiffness  matrices  which 
are  derived  from  the  mid-plane  stress  resultants  determined 
in  the  linear  stress  analysis.  After  assembly  of  element 
incremental  stiffness  matrices,  a  linear  eigenvalue  solution 
is  obtained  for  the  critical  buckling  load.  Using  this 
approach,  the  assumption  is  made  that  all  mid-plane  forces 
remain  in  a  fixed  ratio  to  one  another  at  all  levels  of 
applied  load,  from  the  onset  of  loading  to  the  achievement 
of  instability.  A  detailed  derivation  of  the  algebraic 
expressions  used  for  the  Stability  Analyses  is  given  in 
Section  III  of  the  Engineer's  Manual  (Volume  I). 

It  is  to  be  noted  that  in  the  MAGIC  II  System, 
incremental  stiffness  matrices  are  provided  for  the  following 
finite  element  representations: 

a.  Quadrilateral  Plate  (Identification  No.  28) 

b.  Triangular  Plate  (Identification  No.  27) 

c.  Incremental  Frame  (Identification  No.  13) 

The  derivations  of  these  elements  are  presented  in  detail 
in  the  Engineer's  Manual,  Volume  I.  In  addition,  the 
Element  Input  Section  o-  this  manual  provides  additional 
description  for  the  proper  usage  of  these  elements  within 
the  MAGIC  II  System. 
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4STABIL  I  TV 

STA'dlLITY  AGE NO'JM  ANALYStS 

STABILITY  ANALYSIS  INSTRUCTION  SEQUENCE 
Cc N Ea A TE  ELEMENT  MATRICES 

,ML  B,  JNTP.XL!)  ,TP,  ,KF.L.FTEL»SEL»STEL,»,SC»EM»*», 

f)«M  (  \  X  1)  UNIT  AND  (1  X  l»  NLLL  MATRICES 
CF.TERMME  PRINT  FCRMAT  FUR  TYPE  CF  ELEMENTS  USEC 

11  *  IC.IOENTC. 

I  i  =  IT. NULL. SC 


00001630 
00001640 
00001650 
00001660 
00001670 
00001680 
00001690 
00001700 
» .USER04.  00001710 
00001720 
00001730 
00001740 
00001750 
00001760 
00001770 


U1FE  =  II  .  SMULT.  SC  (9,1  > 

ASSEMBLE  STIFFNESS  MATRI  X  AND  EtEMENT  APPLIED  LCACS 

ST  1 FF  =  pm  . ASSfcM.  SC, (I) 

F  T  FLA  =  EM  .ASSEM  .SC,  (40) 

(.SCALE, LOADS  =  XLC-  .OEJOIN.  (1,1) 

PR  I  NT  (  FORCE  *0 1  SP  , , )  STIFF 

MULTIPLY  ELEMENT  APPLIED  LOADS  BY  LOAD  SCALAR 
FTElS  =  F  TELA. MULT*  LSCALE 

TRANSFORM  EXTERNAL  LOADS  TO  0-1-2  ASSEMBLED  SYSTEM 
IUAUO  =  TR. MULT.  LOADS 

FOP  M  TOTAL  LOAD  CCLOHNS 
TLOAO  *  FTELS.AOD.LOADC 

FORM  REDUCED  TUTAL  LOAD  COLUMN 
TL.TLOAOR  *  TLOAO. DF  JOIN.  I  SC(S,1!,l) 

PRINT  FLEXIBILITY  MATRIX 

FLEX  =  STIFF.  INVERS. 

PRINT  (OISP  ,FOR.CE  ,,)  FLEX 

SOLVE  FOR  DISPLACEMENTS 

XR -  FLEX. MULT. TLOADR 
TRC.TR12  =  TR.DEJQIN.  I  SC  (  5  ,1 )  ,11 
X  *  TR12.TMULT.XR 
XO  *  TR.MULT.  X 
IF  (D IFF .NULL.)  GO  TC  10 


00001780 
00001790 
00001800 
00001810 
00001820 
00001830 
00001840 
00001850 
00001860 
00001870 
00001880 
00001890 
00001900 
00001910 
00001920 
00001930 
00001940 
00001950 
00001960 
00001970 
00001980 
00001990 
00002000 
00002010 
00002020 
00002030 
00002040 
00002050 
00002060 
0000  2070 
00002080 


Figure  Il-f  Stability  Agendum 
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oor>  r\  r*  o  o  o  o  r>  o  o  r>  o  o  o  o  r> 


('  PRINT  ELcKfcNT  APPLIED  LOADS  ANC  EXTERNAL  LCADS 

C 

C  ELEMENTS  HAVE  i  OP  2  DEGREES  CF  FRF.tDO 

C 

GPK  [NT<4,,»FX.FY.F7.MX.MY.  MZ.SC.TR  I  FT  ELA 
GPP  INTI  At » tFX.FY.FZ* MX.  MY.  MZ.SC,  I  LOADS 
GPP  INTI  ZtttU.V.M.  THE  TAX.  THE  TAY.  THE  T  AZ  .  iC  .  I  X 
IF  (I ’.NULL.)  01  TO  60 

ELLMFMTS  HAVE  3  DEGREES  OF  FREEOCM 

0  GPR  INT(4,f,PP.0.FZ.0.M8fcTA.0.Fl.0.F3,SC,TP  )  FTELA 
GPK  IN  T(  A,  ,,FR.O.F  Z.  C.MBETA.0.F1.0.  F3,SC.  )  LCADS 
GPP  IN  T(  2,  ,,  U.  G.  W.  C.  THE  TAY.  0.  K*.0.  ***,SC,  I  X 

GENERATE  STRESSES 

0  STRESS  =  FM,XO  .STRESS.  <4,1 

GE-JERATF  CLEMENT  INCREMENTAL  STIFFNESS  MATRIX 

tt'ft  •'fftNFLtt  »E  L .  =  »I NTP,  ,  STRESS. USF.R04, 

ASSEMBLE  AND  REDUCE  INCREMENTAL  MATRIX 

INCR  =  EL  .ASSEM.  SC, 13) 

PR  INTI  ittl  I  NCR 


00002090 

00002100 

00002110 

00002120 

00002130 

00002140 

00002150 

00002160 

00002170 

00002180 

0U002190 

00002200 

00002210 

00002220 

00002230 

00002240 

00002250 

00002260 

00002270 

00002280 

00002290 

00002300 

00002310 

00002320 

00002330 

00002340 

00002350 

00002360 


CREATE  INPUT  EIGENVALUE  MATRIX  00002370 

00002380 

EIG  =  FLEX.MLLT.  I  NCR  00002390 

PRINT  (,,,)  EIG  00002400 

00002410 

CALCULATE  AND  PRINT  E-VALUE S.E-VECTCRS  .FPECUENC  IES  00002420 

00002430 

h  VALUFtEVECTR,,  =  EIG.  .EIGEN1.  SC  00002440 

GPR  IN  T I  3 * » » ♦ SC  t  TR i2 )  E VEC TR ,E VALUE  00002450 


Figure  Il-f  -  Stability  Agendum  (continued) 
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TABLE  VIII 


STABILITY  INSTRUCTION  SEQUENCE 
(Step  by  Step  Description) 


Statement  Number 


Instruction  and  Explanation 


1  , MLIB , INTP , XLD ,TR , , KEL , PTEL , SEL , STEL , , , 

SC , EM , « , , MATL , . USER04 . 

Generates  element  matrices  required  for 
the  statics  problem.  Note  that  names 
must  be  included  for  KEL,  PTEL,  SEL,  STEL 
even  though  they  are  not  used  in  the 
abstractions  directly.  The  names  must  be 
present  to  insure  that  the  matrices  are 
generated  by  the  module  ana  placed  in  the 
EM  array.  MATL  is  an  optional  material 
library  maintained  by  the  user. 


2  I1=PTEL . IDENTC . 

Forms  a  1  x  1  identity  matrix  in  II.  This 
corresponds  to  a  scalar  value  of  1.0  which 
is  used  in  multiplication  later  to  form 
the  print  control  matrix  DIFF. 


3  13-11. NULL. FTEL 

Forms  a  1  x  1  null  mb  ;'lx  which  is  used  to 
generate  unconditional  *G0  TO'  statements 
needed  below. 


4  DIFFSI1 .SMULT.SC(9,1) 

jDIFFj  =  [II]  »  SC (9,1) 

Forms  the  print  control  matrix  which  is 
used  to  generate  the  correct  headings  for 
engineering  printout.  A  value  of  0.0  for 
DIFF  means  that  the  elements  and  the 
system  have  3  degrees  of  freedom  per  grid 
point.  If  DIFF  is  not  zero,  the  system 
and  elements  have  1  or  2  degrees  of  freedom 
per  grid  point. 
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TABLE  VIII  (Continued) 


Statement  Number 


5 


6 


7 


Instruction  and  Explanation 


STIFF=EM. ASSLM.SC, (1) 

Forms  the  assembled  stiffness  matrix 
STIFF  in  the  (NMDBxNMDB)  reduced 
system  from  the  element  stiffness 
matrices  stored  in  EM  as  columns. 

SC  contains  system  constants  required 
by  the .ASSEM. routine. 


FTELA=EM. ASSEM.SC, (^0) 

Forms  the  assembled  element  applied 
load  column  in  the  0-1  ordered  system 
from  the  element  applied  load  columns 
stored  in  EM  as  columns. 


LSCALE, LOADS =XLD . DEJOIN . (1,1) 

"lscale" 


LOADS 


-]  *  [H 


The  load  scalars  LSCALE  and  the  external 
load  columns  LOADS  are  de jointed  from 
the  XLD  matrix.  The  XLD  matrix  consists 
of  the  external  columns  with  the 
corresponding  load  scalar  as  the  first 
row. 
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TABLE  VII T  (Continued) 


Statement  Number 


8 


9 


10 


11 


12 


_ Instruction  and  Expl anation _ 

PRIhT(FORCE,DISP, , )  STIFF 

Prints  the  reduced  stiffness  matrix. 

FTELS=FTELA . MULT . LSCALE 
[FTELS]  =  [FTELA]  [Lscale] 

Forms  NL  element  applied  load  columns 
by  multiplying  the  element  applied  load 
column  by  the  load  scalar. 

L0AD0=TR. MULT. LOADS 
[LOADO]  =  [TR]  [LOADS] 

Forms  the  transformed  C-l  assembled  external 
load  columns  from  the  unordered  LOADS. 

TLOAD=FTELS . ADD . LOADS 
[TLOAD]  =  [ftels]  +  {LOADS] 

Forms  the  total  load  column 
TLOAD  =  (scalar)  *  FTEL  +  LOADO 
in  the  0-1  assembled  system, 

TL,  TLOADR=TLOAD . DEJOIN . ( SC ( 5 , 1 ) , 1 ) 


Forms  the  reduced  total  load  column  TLOADR 
which  reflects  only  free  points.  TLOADR 
is  analogous  to  partition  P2  in  the 

definition  of  the  0-1  ordered  system. 
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TABLE  VIII  (Continued) 


Statement  Number 

13 

14 

15 

16 


17 

18 


_ Instruction  and  Explanation _ 

FLEX=STIFF. INVERS. 

[FLEX]  =  [STIFF]"1 

Forms  the  inverse  of  the  reduced  stiffness 
matrix  in  KINV. 

PRINT(DISP, FORCE,,)  FLEX 

Print  inverse  of  stiffness  matrix 
(flexibility  matrix). 

XR=FLEX .hULT.TLOADR 

[xr]  =  [stiff]  ~1[tloadr] 

Form  reduced  displacement  column  in  XR 
by  forming  the  product  of  the  flexibility 
matrix  and  the  reduced  total  load  columns. 

TR0,TR12=TR. DEJOIN. (SC(5,1,1) 

[pis]  =  M 

Forms  matrix  TR12  which  when  transposed 
will  map  the  reduced  system  of  displacements 
XR  into  the  full  unordered  system  of 
displacements  X. 

X=TR12.TMULT.XR 
&]-  [TR12]T[XR] 

Forms  the  unorderea  system  of  displacement 
used  for  print  out  in  X. 

XO=TR.MULT,X 
[XO]  -  [TR]  [X] 

Forms  the  0-1  ordered  system  of  displacements 
in  XO. 
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TABLE  VIII  (Continued) 


_ Instruction  and  Explanation _ 

IF(DIPP.NULL. )  GO  TO  1C 

Test  print  control  for  number  of  degrees  of 
freedom  per  grid  point. 


GPRINT(4, ,,FX.FY.FZ.MX.MY.MZ,SC,TR)  FTELA 
GPRINT( 4 , , ,FX.FY.FZ .MX.MY.MZ,3C, )  LOADS 
G PRINT U , , ,  U .  V .  W . THETAX . THETA Y . THETAZ ,  SC , )  X 
IF( 13 .NULL. )  GO  TO  60 

Print  out  element  applied  loads,  external 
loads,  and  displacements,  in  engineering 
format  for  elements  with  1  or  2  degrees  of 
freedom.  Control  is  then  passed  to  statement 
numbered  600. 


GPRINT(4,,,FR.0.FZ.0.MBETA.0.F1.0.F3,SC,TR)FTELA 
GPRINT(4, , ,FR. O.FZ . O.MBETA. 0.F1. 0.F3»SC , )LOADS 
G PRINT ( 2 , , ,V. 0. W. O.THETAY . O.W* . 0. W** ,SC, )X 

Print  out  element  applied  loads,  external 
leads,  and  displacements,  in  engineering 
fermat  for  elements  with  3  degrees  of 
freedom  per  grid  point. 

STRESS=*EM,XO .  STRESS .( 4 , ) 

Calculates  and  prints  net  element  stresses 
for  each  element  and  each  load  condition. 

The  stress  computations  are  based  on 
displacements. 

, ,,,,,,, , ,NEL, , ,EL,«,INTP, , STRESS. USER04. 

Generates  the  element  incremental  stiffness 
matrices  based  on  the  interpreted  input 
generated  by  the  first  USER04  instruction 
and  the  STRESS  matrix. 

INCR  *EL. ASSEM.SC, (3) 

Assembles  the  (NMDBxNMDB)  reduced  incremental 
stiffness  matrix  INCR.  The  element  inert  lental 
stiffness  matrices  are  stored  in  EL. 


<7/  Cfc  f$tw‘>l<'4Mr  it*  ^  '  JJjjp’g.'  '{WJk5 Vf*  ♦‘^pTSZ^wS.WVfS 


TABLE  VIII  (Concluded) 


Statement  Number  _ Instruction  and  Explanation 

30  PRINT( , , ,)  INCR 

Prints  the  reduced  incremental  stiffness 

matrix. 

31  EIG=FLEX. MULT. INCR 

[eig]  *  [stiff]-1  [incr] 

Forms  the  product  of  the  inverse  of  the 
reduced  stiffness  matrix  and  the  reduced 
incremental  stiffness  matrix. 

32  PRINT( , . , ) EIG 

Prints  the  eigenvalue  matrix. 


33  EVALUE, EVECTR, ,=E1G, .EIGEN1.SC 

[[eig]  -  [evalue]  [i]J  [evectr]  «  0 

Solves  fcr  the  requested  eigenvalues  and 
eigenvectors  of  the  EIG  matrix  using  the 
power  method.  The  eigenvalues  are  stored 
in  the  column  matrix  EVALUE  and  the 
eigenvectors  are  stored  as  columns  in 
the  EVECTR  matrix.  The  frequencies  and 
mode  shapes  are  printed  out  along  with 
the  eigenvalues  and  eigenvectors. 


34  G PRINT ( 3,,, ,SC, TR12) EVECTR , EVALUE 

Prints  the  eigenvalue  column  and  the 
eigenvector  matrix  in  engineering  format. 
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TABLE  IX,  (Contd) 


TABLE  IX  ,  (Contd 


(5)  Dynamics  Analysis  Instruction  Sequence  (DYNAMICS) 


Figure  Il-g  presents  the  suggested  set  of  abstrac¬ 
tion  instructions  for  use  in  performance  of  a  vibration  analysis. 
This  particuJar  set  of  instructions  provides  modes  ar.d 
frequencies  for  a  structural  system  in  which  the  rigid  body 
modes  have  been  suppressed  (i.e.  the  assembled  stiffness  matrix 
has  been  rendered  non-singular  by  the  appropriate  application 
of  physical  boundary  conditions.  As  seen  from  Figure  Il-g 
the  .EIGEN  1.  abstraction  instruction  is  used  in  this  sequence. 

As  pointed  out  previously  this  instruction  is  based  on  the 
"power  method"  of  extracting  eigenvalues  and  eigenvectors. 

The  desired  number  of  modes  and  frequencies  are  supplied  as 
input  by  the  User  in  the  Structural  Analysis  Input  Section. 

This  information  is  contained  on  a  specialized  preprinted 
input  data  form  entitled  DYNAM.  This  form  will  be  described 
in  detail  in  the  Structural  Input  Data  Section. 

Additional  output  data  from  this  set  of  instructions 
include  generalized  mass  and  generalized  stiffness  values  for 
each  mode. 


Tables  X  and  XI  are  provided  as  a  supplement  to 
Figure  II -g.  These  tables  provide  engineering  and  matrix 
definition  for  each  abstraction  instruction  listed  in 
Figure  Il-g. 


It  should  be  noted,  and  emphasized,  that  this  set 
of  example  abstraction  instructions  which  have  been  presented 
serve  only  to  provide  the  User  with  a  guide  for  usage  of  abstrac¬ 
tions  for  a  particular  type  of  analyses.  The  User,  at  his 
option,  can  modify  any  set  of  abstractions  to  fit  his  particu¬ 
lar  need.  As  an  example,  the  User  may  have  a  problem  which 
requires  "non-structural"  masses  to  be  added  to  the  structural 
mass  matrix  which  is  assembled  by  the  System. 

If  this  Is  the  case,  the  assembled  mass  matrix  is 
modified  by  adding  the  non-structural  mass  matrix  with  an 
available  .ADD.  instruction  and  the  analysis  then  proceeds 
in  the  usual  manner.  In  general,  the  non-structural  mass 
matrix  would  be  supplied  to  the  program  as  input  data  thru 
the  $  matrix  option  which  has  been  explained  previously. 


i:)YN4M  ICS 

r 

C - DYNAMICS  AGENDUM  ANALYSIS 

C 

C  OYN  AM  ICS  ANALYSIS  INSTRUCTION  SECUENCE 

r 

C  ONJtRATu  F  L.f  ML  N  T  MATRICES 

r 

,  Ml  IH ,  , ,  TR  «  «K£  L  ,  ,  «  ,  ,  ME L  •  SC  »E  M ,  =  *  *  t  •  vJS  E  RO*» 

( 

C  ASSEMBLE  STIFFNESS  MATRIX  AM)  HASS  HATRIX 

r 

ST  IFF  =  E M  .ASShM.  SC  ,(ll 
MASS  =  EM  .ASSEM.  SC  ,<2J 
r 

C  PRINT  SHYNESS  MATRIX  AND  HASS  HATRIX 

c 

PR  INTI  FORCE, L1S<>,  ,)  STIEF 


PR  IMI  FORCE  .ACCSL,,  >  MASS 
r 

c.  generate  dynamics  matrix 

k  inv  =  stiff.invfrs. 

CYNAM  =  KINV.HULT.MASS 

c 

C  FIND  E-VALUES,  E-VECTORS,  NORMAL  MOCfcS, 

C.  FREQUENCIES  AND  PRINT 

G 

t VALUE  > F VEC  T, ,  =  DYNAM,  .EIGENl.  SC 

C 

TRC,T‘>  L2  =  TR  .OEJOIN.  (  SC  «5*L  >  *1 » 

GPP  INTI  J,,,,SC,TR12)  E  VEC  T,E VALUE 

C 

C  GlNFRATc  STIFFNESS  AND  GENERALIZED  HASS 

C  -ATR ICES  AND  PRINT 

r 

XGENl  =  EVcCT.TrtULT.  STIFF 
KGEN  =  KG6NI.MULT.EVECT 
MGEn:  *  EVECT.TMULT.MASS 
MGEN  =  MGEN1.MULT.E  VECT 
PRINTI,,,)  MGEN»KGEN»KlNV,OYNAM 
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Figure  IT-g,  Dynamics  Agendum  Analysis  Sequence 
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TABLE  X 

DYNAMICS  INSTRUCTION  SEQUENCE 
(Step  by  Step  Description) 

_ Instruction  and  Explanation _ 

.MLI3, , , , ,KEL, , , , , MEL, SC, EM, =, , MATL, .USERO^. 

Generates  the  element  stiffness  matrices 
KEL  and  element  mass  matrices  MEL  needed  for 
the  dynamics  problem.  Note  that  names  must 
be  present  for  KEL  and  MEL  even  though 
they  are  not  used  in  the  abstractions 
directly.  The  names  must  be  present  to  insure 
that  the  matrices  are  generated  and  placed 
in  the  EM  array.  MATL  is  an  optional 
material  library  maintained  by  the  user. 

STIFF-EM. ASSEM.SC, (1) 

Forms  the  assembled  stiffness  matrix  STIFF 
from  the  element  stiffness  matrices  stored 
in  EM.  SC  contains  system  constants 
required  by  the  .ASSEM.  routine. 

MASS=EM. ASSEM.SC, (2) 

Forms  the  ( NMDBxNMDB )  reduced  mass  matrix 
In  MASS  from  the  element  mass  matrices 
stored  in  EM.  System  information  required 
by  .ASSEM.  is  input  in  SC. 

PRINT(FORCE,DISP, , )  STIFF 

Prints  the  reduced  stiffness  matrix. 

PRINT(DISP, FORCE, , )  MASS 
Prints  the  reduced  mass  matrix. 

KINV=STIFF. INVERS . 

[kinv]  =  [stiff]  _1 

The  inverse  of  the  reduced  stiffness 
matrix  is  formed  in  KINV. 

DYNAM=KINV. MULT. MASS 

[dynam]  =  [stiff]  "1  [mass] 

Forms  the  product  of  the  inverse  of  the 
reduced  stiffness  matrix  KINV  and  the  reduced 
mass  matrix  MASS  in  the  dynamics  matrix  DYNAM. 


TABLE  X  (Continued) 


_ Instruction  and  Explanation _ 

EVALUE, EVl'.CTR ,  ,«DYNAM,  .EIGEN1.SC 

solve  [[DYNAM]  -  [EVALUE]  ra]  [feVECTR]  *  [0] 

Computes  the  required  eigenvalues  and 
corresponding  eigenvectors  of  the  dynamics 
matrix  using  the  power  method.  The  eigen¬ 
values  are  stored  in  the  column  matrix  EVALUE 
and  the  corresponding  eigenvectors  are 
stored  as  columns  in  EVECTR.  The 
frequencies  and  mode  shapes  are  also 
printed  out. 

KGEN1=EVECT . TMULT . STIFF 
[KGENl]  -  [EVECT]  T  [STIFF] 

Forms  the  product  of  the  transpose  of  the 
eigenvector  matrix  and  the  reduced 
stiffness  matrix. 

KGEN*KGEN1 .MULT.EVECT 

[KGEN]  »  [evect] T  [stiff]  QsvectJ 

Forms  the  generalized  stiffness  matrix 
'in  KGEN  by  forming  the  product  of  KGENl 
and  EVECT. 

MGEN1-EVECT . TMULT .MASS 
(MGENlj  =  [EVECT] T  [MASS] 

Forms  the  product  of  the  transpose  of  the 
eigenvalue  matrix  and  the  reduced  mass 
matrix. 

MGEN-MGEN1 . MULT . EVECT 

[MQEN]  -  [frFXV?0T[MASS3  [EVECT] 

Forms  the  generalized  mass  matrix  in  MGEN 
by  forming  the  product  of  MGEN1  and 
EVECT. 


TABLE  X  (Concluded) 


Statement  Number 

13 


Instruction  and  Explanation 


PRINT ( , , , )MGEN,KGEN,KINV,DYNAiM 

Print  the  generalized  stiffness  matrix, 
generalized  mass  matrix,  inverse  of  the 
stiffness  matrix  and  the  dynamics  matrix. 


14  TR0.TR12  =  TR. DEJOIN. (SC(5,1),1) 


Forms  the  matrix  TR12  which  will  be  used 
by  the  .GPRINT,  instruction. 


15  ,GPRINT,( 3 ,  ,  ,  ,SC,TR12 )EVECT,EVALUE 

Print  the  eigenvalue  column  and  the 
eigenvector  matrix  in  engineering 
format. 


M 

O 

M 

& 

co 

to 


o 

H 

E-* 

o 

G> 

(C 

S-i 

to 


to 

o 


H 

X 

w 

►J 

CQ 

< 

H 


o 

Vi 

p 

c 

O 

O 


G 

O 

•H 

P 

•rC 

c 

•H 

<p 

0) 

Q 


2 

<C 

VS 

Q 

K 

O 

(P 

to 

VS 

o 

i-J 

E- 

M 

vs 

V-i 

& 

Q 

X 

H 

(X 

£•< 

< 


r*3 

u 

cd 

,c 

•rH 

rH 

rH 

cd 

•rH 

0) 

-P 

cd 

£ 

XJ 

0 

CO 

♦H 

> 

0) 

(S 


(h1 

<D 

tS 

G 

O 


O 

G 


P 
to  C 
W  3 
ns  £ 
£  a> 

rH 
P  0) 
C 


p- 

o 

c 

O 

as  .c 

•H 

o 

E 

s  o 

-P 

o 

0)  3 

cd 

• 

H  3 

Sh 

c 

-=t 

3 

0 

o 

O 

G 

c 

•H 

C£ 

T3  O 

0 

p 

W 

G  Vh 

hO 

3 

to 

3 

G 

VTD 

to 

CO 

as 

• 

to  G 

0 

c 

3  E 

o 

a> 

c 

O  3 

X 

bO 

•rH 

*P  rH 

u 

G  O 

U 

4-> 

to 

TJ 

P  O 

-P 

cd 

0) 

0 

3 

cd 

£ 

O 

(0 

S  to 

£ 

10 

to 

<D 

c 

4-) 

Vi 

•rH 

P 

to 

P 

C 

3 

6 

3 

rH 

w 


•H 

p 

as 


us 

P 


to 

to  0 
3  as 

G 


to 

to 

a> 

c 


G 

p 

as 

E 


c 

(/) 

>4 

■P 

tw  O 
p  p 

«P 

ip 

(0 

CO 

CO 

P  w 

CO 

cd 

fj 

p 

p 

cd 

£ 

c 

to  to 

to 

£ 

4-3 

a 

3 
P  O 

ts 

'd 

c 

£ 

C  -p 

3 

0 

0 

0 

3  G 

O 

o 

e 

-P 

E  P 

3 

d 

0 

CO 

3  3 

T3 

XJ 

i— H 

>» 

H  E 

3 

0 

w 

CO 

W 

K 

X 

X 

•H 

g 

p 

as 

H 

to 

to 

as 

G 

<p 

ip 

•p 

p 

to 

«H 

o 

0) 

to 

u 

a> 

> 

G 

H 


Sh 

P 

aS 

B 

to 

o 

•rH 

§ 

g, 

O 


^ _ 

o 

CQ 

1 

i 

S 

a 

a 

rH 

X 

X 

X 

i 

i 

i 

OJ 

iH 

a 

a 

a 

- — 

X 

w 

E> 


X 

•iH 

-P 


0) 
cd 

X* 

a) 
o 

■p 

0) 

X 

•H 

Jh 

•P 

cd 

£ 

(0 

a 

•H 

£ 

os 

g> 

n 

Vi 

o 

to 

a> 

3 

H  to 

$i 

C  3 
as  H 
hO  O 

t) 

W 


x) 

as 

G 

O 

P 

to 


u 

p 

as 

£ 

to 

o 

•P 

a 

«s 

c 

>> 

•o 

<p 

o 

to 

G  to 
O  G 
P  E 
O  3 
0)  H 

>  o 

G  O 
as 

hO  to 
•p  aJ 
W 


W 

G> 

►3 

<C 


X 


cd 

£ 

X 

•H 

CO 

w 

-P 

0 

C 

£ 

<H 

4h 

CO 

•H 

CO 

-P 

cd 

CO 

£ 

x> 

X3 

& 

X 

C 

cd 

•p 

cd 

G 

X 

P 

X 

•H 

3 

•H 

U 

S 

Jh 

X 

•P 

-P 

•H 

cd 

w 

U 

£ 

3 

£ 

•P 

<U 

«5 

0 

G 

0 

£ 

d 

V. 

d 

rH 

«P 

rH 

CO 

cd 

•P 

cd 

CO 

> 

P 

> 

cd 

G 

I 

W 

<P 

o 

p 

o 

3 

T) 

O 

G 

Oh 


tS 

0) 

N 

•P 

rH 

aS 

G 

as 

c 

as 

Cs 


W 

<p 

o 

p 

o 

3 

TS 

o 

G 

pH 


43 

as 

N 

•p 

Ip 

3 

G 

as 

G 

0) 

O 


© 


PI 

G> 

PI 

< 


CQ 


W 

G> 

PI 

C 


X  X  X  X 


W 

G> 


w 

G> 

PI 

< 


W 

1 


w 

G> 


CQ 

M 

PI 


H 

to 

to 

6 

s 

< 

a 

W 

3 

<c 

H 

o 

w 

rH 

w 

a 

w 

o 

H 

a 

w 

o 

SC 

EM 

to 

i 

M 

X 

X 

Q 

§ 

w 

X 

X 

s 

VS 

w 

o 

2 


86 


(6)  Dynamics  Instruction  Sequence  With  Condensation  (DYNAMLCSC) 


Figure  il-h  presents  the  suggested  set  of  abstraction 
instructions  for  use  in  the  performance  of  a  vibration  analysis 
utilizing  condensation.  The  condensation  technique  utilized 
is  that  of  Guyan  (Reference  7)  < 

The  use  of  this  technique  allows  degrees  of  freedom 
considered  to  be  superflous  to  be  eliminated  through  a  conden¬ 
sation  transformation.  This  technique  yields  a  eigenvalue  problem 
which  is  much  reduced  in  size. 

Degrees  of  freedom  that  are  to  be  eliminated  in  a 
particular  analyses  are  designated  by  the  number  '2'  in 
the  Bondary  Condition  Section  which  will  be  discussed  in  detail 
in  the  next  section. 

Given  below  is  a  detailed  algebraic  statement  of  the 
condensation  procedure  which  is  performed  using  the  Instructions 
of  Figure  Il-h. 

The  equations  of  motion  which  govern  dynamic  response  of 
structural  systems  can  be  written  in  matrix  notation  as  follows: 

M  *  W  {**}  -  ig  (») 

The  corresponding  strain  and  kinetic  energy  functionals  for 
this  equation  can  be  written  as  fellows: 

*0  =  1/2  LMKKM  (B) 


foi  the  strain  energy  and 


♦k  ■ 1/2  1*2  ]  N(V) 


The  assumption  made  in  applying  this  technique  is  that  the 
complete  set  of  gridpoint  displacement  degrees  of  freedom 

are  not  essential  to  the  objective  structural  dynamics  analyses. 
For  example,  the  gridpoints  in  the  finite  element  model  may  have 
been  dictated  by  the  natural  breakdown  of  the  structure  into 
components,  or  the  intended  use  of  the  model  for  stress  analyses. 
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The  complete  set  of  substructure  gridpoint  displacement 
degrees  of  freedom  Is  partitioned  to  reflect  the  division  into 
essential  ('  L'a  1  and  superfluous  £ 6  subsets.  Partitioning 

of  the  displacement  set  implies  a  corresponding  partitioning  of 
the  total  potential  energy  as 


By  definition,  the  { ^  2b  }  are  suPerfluous  to  the  objective 

structural  dynamics  analyses.  This  being  the  case,  they  are 
condensed  from  the  model  via  the  static  principle  of  potential 
energy.  This  principle  yields  a  matrix  equation  governing 
static  behavior,  i.e., 


h..] !  Kb] 

w 

w 

[K2ab]  |  [K2bb] 

< 

|M 

F.r 

—  - 

l  J 

i  j 

Solution  of  this  relation  for  the  superflous  degrees  of  freedom  in 
terms  of  the  essential  degrees  of  freedom  produces  a  condensing 
transformation  relation  of  the  form 


where 

{».}■{»*} 
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and 


(5) 

(6) 


Introducing  the  condensation  transformation  of  Equation  3  into  the 
energy  functions  of  Equation  1  references  these  functions  to 
essential  degrees  of  freedom.  For  example,  application  to  the 
strain  energy  Equation  B  yields 

vlWWW  <r' 

where 

M-IM’MPM-  <8> 


The  other  energy  functions  are  similarly  transformed  as 

follows : 


•k-1/2W  m  n 

where 

N  -  NT  [M0  [r3]  (io) 


The  introduction  of  this  condensation  transformation  to 
the  set  of  stiffness  and  mass  matrices  can  substantially  reduce 
the  order  of  the  matrices  involved  in  the  determination  of 
modes  and  frequencies. 


♦ 
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Figure  II -h  Dynamic  Agendum  With  Condensation 
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h. 


Agendum  Level  Abstraction  Instructions 


An  Agendum  Level  abstraction  capability  has  been  incor¬ 
porated  into  the  MAGIC  II  System.  The  abstraction  instruc¬ 
tions  for  any  type  of  analysis  will  be  automatically  generated 
for  the  user  when  he  specifies  the  corresponding  option  on  the 
.f> INSTRUCTION  card.  The  Agendum  library  is  expandable  and  the 
addition  of  more  abstraction  instruction  sequences  (Agendum) 
on3y  requires  the  updating  of  subroutine  AGENDM,  and  of  course 
the  Agendum  librai’y  itself.  The  use  of  an  Agendum  in  no  way 
restricts  the  User  because  he  can  include  in  his  input  deck 
his  own  abstractions  to  be  merged  with  the  selected  Agendum. 


Subroutine  AGENDM  controls  the  selection  from  the  Agendum 
library  of  the  abstraction  instruction  sequence  requested  on 
the  $ INSTRUCTION  card.  At  present,  this  subroutine  has  the 
capability  to  select  six  Agendums,  STATICS,  STATICS'.;,  STATICS 2. 
DYNAMICS,  DYNAMICSC  and  STABILITY.  The  programming  procedure 
utilized  to  add  additional  options  to  the  library  is  cis. ussed 
in  Appendix  IX,  Section  III  of  the  Programmer's  Manual 
(Volume  III). 


The  following  examples  are  provided  to  explain  typical 
usage  of  the  Agendum  Library. 

The  most  important  points  to  note  from  these  examples  are 
that  an  Agendum  for  any  particular  run  .nay  he  modified  by 
addition  of  additional  instructions  which  are  input  by  the  User. 
However,  these  additional  instructions  can  only  be  added  to  the 
end  of  any  particular  Agendum  at  the  present  time. 
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Examples  of  Agendum  Usage 
CC1  CC7  CC16 

(a)  $MAGIC 

$RUN  GO 

$ INSTRUCTION  STATICS 
$SPECIAL 

(^Report  Form  Input  Deck  for  .USER04 .  Instruction  ] 
$END 

(b)  $MAGIC 
$RUN 

INPUT  TAPE (OLD, 1969) 

OUTPUT  TAPE (MAG, 1970) 

^INSTRUCTION  DYNAMICS 
A=DYNAM .ADD  .LMASS 
SAVE (MAG) DYNAM, LMASS , A 
$SPECIAL 

£ Report  Form  Input  Deck  for  .USER04.  Instruction  3 
$END 
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I? 


STRUCTURAL  INPUT  DATA 


1 .  General  Description 

Significant  portions  of  the  labor  and  computer  costs  of 
structural  analysis  are  occasioned  by  incomplete  or  improper 
specification  of  structural  input  data.  Tn  recognition  of  this, 
a  number  of  features  have  been  incorporated  int<?  the  MAGTC  System 
to  assist  in  the  confirmation  of  problem  data  prior  to  execution. 
The  most  important  of  these  are  the  prelabeled  inDut  data  forms 
which  are  an  integral  part  of  the  MAGIC  System.  These  input  data 
forms  contain  a  number  of  special  features,  e.g.: 

(1^  "  MODAL"  Options  are  provided  which  preset  a  table 

to  a  given  set  of  values.  This  MODAL 
option  may  be  used  where  indicated. 

(2^  "  REPEAT"  Options  are  provided  which  minimize  the 

input  data  specified  by  the  User.  This 
REPEAT  option  may  be  used  where  indicated. 

(3)  The  User  exercises  control  options  simply  by  placing 
an  'X'  in  a  given  location  on  a  prelabeled  input 
data  form. 

(4)  The  prelabeled  input  data  forms  have  permanent  label 
cards  which  automatically  precede  subsets  of  data 
thereby  allowing  flexibility  in.  the  arrangement  of 
input  decks. 

(5)  Zeros  must  be  indicated  where  pertinent.  Blanks  are 
never  zeros  except  where  specifically  indicated. 

(6)  Only  pre'labeled  input  forms  associated  with  options 
that  are  exercised  in  any  particular  problem  are 
needed.  Data  associated  with  options  not  exercised 
are  simply  omitted. 

(7)  A  program  option  is  provided  to  conduct  a  read  and 
write  of  input  data  with  execution  suppressed.  Output 
from  the  data  read  and  write  option  includes  the 
material  properties  derived  from  the  Materials  Library 
as  well  as  tables  completed  by  MODAL  specification  of 
data.  This  option  is  exercised  by  simply  placing  the 
prelabeled  input  data  form  designated  as  CHECK  at  the 
end  of  the  input  data  deck. 

The  prelabeled  input  data  forms  are  separable  into  four 
main  categories;  namely,  Material  Library,  Control  Data,  Problem 
Data  and  Data  Read  and  Write. 


input  !’•  • 
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;  L<*  V'jif  t-riui  Library  Section  is  a  par l icuiarly  useful 
uro  of  tiie  MAGi<'  .System.  This  library  is  a  permanent 
available  for  interrogation  by  the  system.  Additions 
■lei ions  to  the  Material  Library  are  executed  by  the 
■  'em.  '.'ho  updating  of  the  Material  Library  may  be  con- 
: .depend en tly  of  program  execution  or  as  an  integrated 
e  .\ccu  t  i  os  1  ope  ra  t  ion. 


A  library  specification  of  material  may  include  Elastic 
constants.  Coefficients  of  Thermal  Expansion  and  Mass  Density. 
Material  anisotropy  is  assumed  as  well  as  temperature  dependence, 
t revision  is  made  for  data  at  up  to  ten  temperature  levels.  Linear 
interpolation  is  employed  in  interrogation  of  the  material  specifica- 
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'lie  numl  or  of  entries  in  the  Material  Library  need  not  be 
Limited,  though  the  time  for  interrogation  is  affected  by  the 
number  oi  entries.  Listings  of  the  complete  library  or  specified 
portions  ore  conveniently  available  by  program  option. 

Trie  Control  Section  provides  the  User  with  controls  on 
System  parameters.  Aprelabelee  input  form  is  provided.  Figure  TI-3 
shows  the  prelabeled  data  form  which  pertains  to  System  Control 
• n format ion. 

The  Problem  Data  Section  consists  of  the  following  input: 

(1)  Grid  point  coordinates 

(2)  Grid  point  pressures 

(3)  Grid  point  temperatures 

(4)  Rotational  transformations 

(5)  Boundary  conditions 

(6)  External  loads 

(7)  Prescribed  displacements 

(l<)  Element  input 

(9)  Dynamics  information 

The  numerical  input  pertinent  to  the  above  problem  data  is  presented 
in  floating  point  and  fixed  point  notations.  In  floating  point 
notation,  the  decimal  point  is  always  shown  on  the  input  data  and  in 
fixed  point  notation  the  decimal  is  never  shown.  The  floating  point 
!  otatior.  is  applicable,  for  example,  to  measurable  quantities  such 
as  loans,  coordinates,  etc.  The  fixed  point  notation  is  limited  to 
whole  numbers  or  integers  such  as  grid  point  numbers. 

In  floating  point  notation,  a  number  may  be  written  in 
either  the  conventional  manner  or  as  a  factor  of  10n;  for  example, 
the  number  3°  000  000  -  30  x  10f>  can  ne  written  as  either  30  000  000 
or  2~' . o  Eh.  For  numerical  input  data  (both  fixed  and  floating  point) 
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plus  signs  are  not  normally  used.  Negative  numbers  and  negative 
exponents,  however,  must  be  preceded  by  a  minus  sign. 

Tn  the  Problem  Data  Section,  extensive  use  can  be  made 
of  the  MODAL  and  REPEAT  options.  Identical  elements  should  be 
grouped  in  order  to  maximize  the  use  of  REPEAT  options.  Grid 
points  should  be  numbered  in  such  a  manner  that  full  advantage 
is  taken  of  stiffness  matrix  banding. 

Tpr.  nata  Read  and  Write  Section  is  provided  to  conduct 
r^ad  and  write  of  input  data  with  primary  calculations  suppressed. 
This  is  exercised  via  the  prelabeled  input  data  form  designated 
as  CHECK. 

It  is  recommended  that  this  feature  be  used  routinely  to 
minimize  execution  against  incorrect  problem  specifications. 
Reduction  in  costs  and  frequently,  reduction  in  elapsed  calendar 
time  cat:  be  expected  with  disciplined  use  of  this  feature. 

The  input  data  package  has  been  designed  to  minimize 
redundant  information.  As  a  consequence,  consistency  checks  do 
not  verify  chat  the  same  information  given  at  different  times  is 
in  fact  the  same.  Rather,  these  checks  insure  that  prespecified 
types  and  quantities  of  data  are  consistent  with  the  data  of 
reference.  For  example,  the  specification  of  a  certain  type  of 
analysis  implies  the  need  for  associated  items  of  data.  Messages 
are  printed  corresponding  to  inconsistencies  identified  and 
execution  is  suppressed  though  complete  Read  and  Write  is  attempted. 

The  procedure  used  in  the  preparation  of  the  prelabeled  data 
forms  will  now  be  explained  in  detail.  The  description  will  proceed 
by  data  actions.  It  is  important  to  note  that  slashes  (/)  which 
appear  on  the  prelabeled  input  data  forms,  instruct  the  Keypunch 
Operator  to  proceed  to  the  next  entry  position  on  the  input  data 
form,  or  if  all  entries  have  been  punched,  to  the  next  data  section. 


2.  Title  Section  (Figure  II-l) 

A  prelabeled  input  data  form  is  provided  for  the  TITLE 
Section  and  is  shown  in  Figure  II-l. 

The  first  entry  on  the  form  is  prelabeled  REPORT  and  requires 
no  information  from  the  User.  It  is  to  be  noted  that  this  label  card 
designated  REPORT  must  be  the  first  card  for  ail  data  decks  which 
use  these  prelabeled  input  data  forms. 

The  second  entry  on  the  form  is  prelabeled  TITLE  and  also 
requires  nc  information  from  the  User/ 

The  third  entry  on  the  form  concerns  the  Number  of  Title 
Cards  which  are  to  follow.  This  information  appears  in  Columns  7-9 
and  Is  given  in  fixed  point  form. 
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FIGURE  II-l  TITLE  DATA  FORM 


Alphameric  description  of  the  problem  is  placed  on  the 
following  cards.  The  total  number  of  these  cards  must  be  equal 
to  the  number  which  appears  in  Columns  7-9  of  the  third  entry, 
(Number  of  Title  Cards). 


3.  Material  Tape  Input  Section  (Figure  II- 1) 

The  Material  Tape  Input  Section  is  used  when  a  material  is 
to  be  added,  revised  or  deleted  from  the  material  tape.  It  can 
also  be  employed  at  the  User's  option  to  examine  the  contents  of 
the  tape  or  to  obtain  a  summary  of  the  materials  which  appear  on 
the  tape  at  the  time  the  request  is  be'.ng  made. 

The  labeled  input  data  form  provided  for  material  tape 
entries,  is  shown  in  Figure  II-2.  The  first  entry  on  the  form  is 
prelabeled  MATER  and  requires  no  input  from  the  User. 

The  second  entry  on  the  form  concerns  the  number  of  requests 
which  are  being  made  against  the  material  tape.  This  information 
appears  in  Columns  7-9  of  the  second  entry,  and  the  User  may  make  as 
many  requests  as  desired  against  the  material  tape. 

The  third  entry  in  the  section  contains  the  following 
detailed  information  as  shown  in  the  figure. 

Request  Number  -  (Cols.  7-9) 

The  total  number  of  requests  which  are  made  against 
the  material  tape  must  be  equal  to  the  number  of  requests 
specified  on  the  second  entry  of  the  form.  It  should  be 
noted,  however,  that  the  first  set  of  material  data 
(Material  Properties  Table)  is  input  before  a  second 
request  is  made. 

Material  Number  -  (Cols.  10-15) 

The  material  number  for  a  material  which  is  to  be 
added  to  the  tape  is  chosen  at  the  discretion  of  the 
User.  If  a  number  is  chosen  that  corresponds  to  the 
number  of  a  material  which  already  appears  on  the  tape, 
the  new  material  will  not  be  accepted  unless  the  lock 
code  associated  with  the  new  material  is  exactly  the  same 
as  the  lock  code  of  the  material  which  already  appears  on 
the  tape.  If  this  is  the  case  the  new  material  will  be 
added  to  the  tape  and  the  material  that  formerly  appeared 
there  will  be  deleted.  The  material  number  can  be  any 
combination  of  alphameric  characters. 
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Lock  Code 


(Cols.  16-17) 


A  lock  code  is  associated  with  each  material 
specification.  Any  User  has  access  to  the  entire 
material  library  but  modification  of  an  existing 
material  specification  requires  a  prior  knowledge  of 
the  lock  code.  The  lock  code  is  not  disclosed  by 
displays  of  the  material  library.  As  a  consequence 
revisLon  or  deletion  of  any  entry  remains  under  the 
control  of  the  initiator.  The  lock  code  may  be  any 
combination  of  alphameric  characters. 

Material  Identification  -  (Cols.  l8-4l) 

The  material  identification  is  left  to  the 
discretion  of  the  User.  it,  serves  only  to  provide 
the  analyst  with  a  means  of  identifying  the  material 
and  is  not  interrogated  by  the  program. 


Materia  1  Tape  Input  -  (Cols. 

The  information  in  columns  42  through  50  is 
mutually  exclusive,  that  is,  the  User  should  enter 
no  more  than  one  'X'  in  columns  42-50.  If  the  User 
enters  more  than  one  'X'  in  columns  42-50,  then  only 
the  first  choice  will  be  retained  and  the  others 
will  be  ignored  by  the  program.  An  'X'  in  any  of 
columns  42  through  46  will  indicate  that  a  material 
is  to  be  added  or  revised.  Whenever  this  is  the  case, 
a  summary  of  the  material  tape  will  be  printed  and 
the  material  table  for  the  new  or  revised  material 
will  be  displayed.  When  an  'X:  is  placed  in  column  47, 
the  soecified  material  will  be  deleted  from  the  material 
tape  and  a  summary  of  the  new  tape  will  be  printed. 
Columns  48  through  50  are  used  to  interrogate  the  tape 
to  ascertain  what  it  contains.  If  an  'X'  is  placed  in 
column  48,  49  or  50,  the  existing  material  tape  will  be 
printed  with  no  update  of  the  material  tape  taking 
place. 

Number  of  Material  Points  -  (Cols.  51-52) 

The  number  entered  in  these  columns  determines 
the  number  of  material  (temperature)  points  which  will 
appear  in  the  material  properties  table.  At  the 
present  time,  the  number  of  allowable  material  points 
5  s  ^  9- 
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Material  Properties  Table 

All  the  data  input  to  the  Material  Properties  Table, 
appears  in  floating  poir.t  form.  If  the  material  in 
question  is  isotropic,  only  the  Modulus  of  Elasticity, 

E,  Poisson's  Ratio,  0  jj  ,  and  the  coefficient  of  thermal 

expansion,  ®<  ,  are  needed  for  each  temperature  point. 

The  value  of  the  modulus  of  shearing  rigidity,  G,  is 
calculated  by  the  program. 

For  an  orthotropic  material  there  are  three  cards 
required  for  each  temperature  point  entered.  For  these 
cases,  the  value  of  must  be  entered  by  the  User  for 

each  of  the  x,  y,  and  z  directions. 


IMPORTANT  REMINDERS ; 

(1)  Poisson's  Ratio,  0  is  defined  as  strain  induced 
in  the  j  direction  by  a  stress  in  the  i  direction. 

(2)  For  isotropic  materials  Poisson's  ratio,  0  j j  , 

must  lie  between  0.0  and  0.5  (0.0  4^^.  £  0.5)* 

Violation  of  this  rule  causes  the  material  properties 
matrix  Osl  to  become  non-positive  definite. 

(3)  A  maximum  of  nine  (9)  material  (temperature)  points 
may  be  input  per  material  and  a  minimum  of  1  must 
appear  for  a  material  of  constant  temperature. 

(4)  Certain  limits  on  material  properties  must  be  observed. 
These  limits  ure  as  follows: 

(a)  Young's  Modulus  (E)  F.  >  1.0 

(b)  Thermal  Coefficient  (  c*  )  -1.0  4  «  4  1.0 

(c)  Shear  Modulus  (G)  G  ">  1.0 

(5)  If  it  is  desired  to  bypass  the  internal  check  of 
input  material  properties  an  asterisk  (*)  is  placed 
in  Column  10,  the  first  column  of  the  material  number 
in  the  third  entry. 

(6)  The  Number  of  Requests  and/or  Revisions  of  Material 
Tape  must  be  specified  on  the  System  Control  Infor¬ 
mation  Data  Form  (Figure  II-3) • 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  II -2  MATERIAL  TAPE  INPUT  DATA  FORM 


FIGURE  II-2  CONCLUDED 


4 .  r.yjbem  Control  Information  Section  (Figure  TT-3) 

The  prelabeled  System  Control  Information  data  form  is 
shown  in  Figure  IT.-?.  The  first  entry  on  the  form  is  prelabeled 
SYSTEM,  and  requires  .10  jnput  from  the  User. 

The  second  entry  on  the  form  contains  the  eleven  (11) 
items  of  information  defined  in  the  list  which  follows.  All  'terns 
of  information  are  written  in  fixed  point  notation  with  the 
exception  of  Item  11  which  is  written  in  floating  point  form. 

(1)  Number  of  System  Grid  Points  -(Pols.  1-6) 

The  number  of  System  Grid  Points  is  equal 
to  the  largest  integer  number  which  participates 
in  element  connection  (assembly).  This  number  is 
best  obtained  from  a  scan  of  the  completed  Element 
Control  Data,'  Cards.  These  will  be  described  in 
detail  in  a  subsequent  data  section. 

(2)  Number  of  Input  Grid  Points  -  (Cols.  7-12) 

The  number  of  input  grid  points  is  equal  to 
the  integer  number  of  grid  points  for  which  co¬ 
ordinates  are.  data  specified .  This  number  is  best 
obtained  from  a  scan  of  the  completed  Grid;  Point 
Coordinate  Input  Sect loft.  The  number  entered  is 
equal  to  the  total  number  of  grid  points-  for  which 
coordinates  are  specified.  (Maximum  allowable  =  999) ; 

(3)  Number  of  Degree  of  Freedom/Grid  Point  -(Cols.  13-14) 

The  number  of  (degrees  of  freedom  per  grid  point 
is  dictated  by  the  -type  of  finite, elements  which  are 
being  used  for  any  particular  analysis. 

*0  __  ---  (a)  Three  (3)  Degrees  of  Freedom  per  Grid  Point 

1  -  Triangular  Cross-Section  Ring  Element 

2  -  Trapezoidal  Cross-Section  Ring  (And  Core*) 

Element 

(b)  Six  (6)  Degrees  of  Freedom  per  Grid  Point 

1  -  Frame  Element 

2  - Quadrilateral  Shear  Panel  Element 

3  -  Quadrilateral  Thin  Shell  Element 

4  -  Triangular  Thin  Shell  Element 

5  -  Incremental  Frame  Element 

..  6  -  Quadrilateral  Plate  Element 

7  -  Triangular  Plate  Element 
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(c)  Nine  (9)  Hegrees  of  Freedom  per  Grid  Point 
Toroidal!  Thin  Shell  Ring  Element 

At  the  present  time,  only  elements  that  are 
characterized  by  the  same  number  of  degrees  of 
freedom  per  grid  point  can  be  used  together  in  any 
one  analysis.  For  example,  the  toroidal  thin  shell 
ring  and  frame  elements  are  not  compatible. 


(M  Number  of  Load  Conditions  -  (Cols.  15-lb) 

The  Number  of  Load  Conditions  is  equal  to  the 
number  of  external  load  conditions  that  are  applied 
t '•  the  system.  Note  that,  external  !<->ads  are  not  to 
b^  confused  with  element  applied  Dealings  such  as 
t  i:  perature  ar.d  pressure. 

At  least  one  load  condition  is  required  for 
every  analysis  even  if  there  are  no  external  loads 
applied  to  the  system.  An  entry  must  be  made  in  the 
External  Loads  Section  even  for  zero  loads. 

At  the  present  time,  the  maximum  number  of 
external  load  conditions  allowed  is  one  hundred  (100). 

( 5 )  Number  of  Initially  Displaced  Grid  Points  -  (Cols.  17-22) 

Initially  displaced  grid  points  are  present  only 
if  function  minimization  (or  other  iterative  technique) 
is  employed  in  the  analysis.  In  the  present  MAGIC 
System  no  provision  is  made  for  init  ally  displaced 
grid  points.  Therefore,  no  entries  snould  be  made  in 
this  location. 

( 6 )  Number  of  Prescribed  Displaced  Grid  Points  -  (Cols .  2'j-?3) 

Applied  loadings  may  be  prescribed  in  terms  of 
non-zero  displacement  values  either  one  displacement 
load  condition  or  the  NL  displacement  load  conditions 
can  be  accommodated  per  execution.  NL  is  defined  as 
the  total  number  of  external  load  conditions  in  any 
given  analysis.  The  number  of  prescribed  displaced 
'  grid  points  is  the  number  of  grid  points  that  are 
assigned  known  values  of  displacement  other  than  zero. 

If  there  are  no  prescribed  non-zero  grid  point  dis¬ 
placements,  this  entry  is.  ignored  by  the  User. 
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(7)  Number  of  Grid  Point  Axes>  Transformation  Systems  - 
(Cols.  29-30 V 

The  number  cf  grid  point  axes  transformation 
systems  required  by  the  problem  it.  entered  in  this 
location.  If  grid  point  axes  are  being  used  in  an 
analysis,  the  number  of  systems  employed  is  best 
obtained  from  a  scan  of  the  completed  Rotational 
Transformation  (GRAXES  or  TRANS)  Sections  which 
will  be  described  in  a  following  section.  If  there 
are  no  grid  point  axes  transformations  employed, 
this  entry  is  ignored  by  the  User. 

(8)  Number  of  Elements  -  (Cols.  31-36) 

The  total  number  of  elements  to  be  employed  in 
the  analysis  is  entered  in  this  location.  The 
allowable  number  of  elements  is  equal  to  3000. 

{ 9 )  Number  of  Requests  and/or  Revisions  of  Material  Tape- 
(Cols.  37-33) 

The  total  number  of  requests  and/or  revisions 
being  made  against  the  material  tape  for  any  parti¬ 
cular  run  are  entered  in  this  location.  This  number 
must  be  equal  to  the  number  which  appears  on  the 
second  entry  under  Section:  II,  Material  Tape  Input 
Section  (Figure  II-2). 

(10)  Number  of  Input  Boundary:  Condition  Points  -  (Cols.  39-44) 

The  Number  of  Input  Boundary  Condition  Points 
is  equal  to  the  number,  of  exceptions  to  the  MODAL 
card  associated  with  the  Boundary  Condition  Section. 

This  number  is  best.obtairied  by  scanning  the  completed 
Boundary  Condition  Section  and  counting  the  total 
number  of  grid  points  which  are  entered  as  Listed  Input. 

(11)  Tq  For  Structure  (With  Decimal  Point)  -  (Cols.  45-52) 

The  number  entered  in  this  location  is  equal  to 
the  equilibrium  temperature  for  the  structure  to  be 
analyzed.  If  a  value  is  not  entered  in  this  location, 
an  ambient  temperature  of  zero  degrees  will  be  assumed. 

If  a  thermal  stress  analysis  is  being  run,  then 
the  ambient  temperature  must  be  entered  if  different 
than  zero  degrees. 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 


ENTER  APPROPRIATE  NUMBER,  RIG! 
ADJUSTED,  IN  BOX  OPPOSITE 
APPLICABLE  REQUESTS 

1.  Number  of  System  Grid  Points 

2.  Number  of  Input  Grid  Points 

3.  Number  of  Degrees  of  Freedom/Grid  Point 

4.  Number  of  Load  Conditions 

5.  Number  ot  Initially  Displaced  Grid  Points 

6.  Number  of  Prescribed  Displaced  Grid  Points 

7.  Number  of  Grid  Point  Axes  Transformation 
Systems 

8.  Number  of  Elements 


9.  Number  of  Requests  and/or  Revisions  of 
Material  Tape. 


tn 

29  30 


10.  Number  of  Input  Boundary 
Condition  Points 

11.  TQ  For  Structure  (With  Decimal  Point) 


FIGURE  II-3  SYSTEM  CONTROL  INFORMATION  DATA  FORM 
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5 .  Print  Control  Section  (Figure  I 1-4) 

The  labeled  input  data  form  provided  for  the  Print 
Control  Section  is  shown  in  Figure  II-4. 

On  this  form  provision  is  made  for  printing  the 
following  items: 

(1)  Assembly  -  Stiffness  -  (Col.  1) 

(2)  Inverse  -  (Col.  2) 

(3)  Triangularlzed  -  Stiffness  -  (Col.  3) 

(4)  Displacements  -  (Col.  4) 

(5)  Intermediate  Function  Minimization  (Col.  5) 

This  section  is  not  applicable  in  the  present  MAGIC 
System.  It  is  included  because  it  <s  anticipated  that  these  and 
other  options  will  be  provided  in  ~  manner  in  future  MAGIC 
Systems.  The  present  print  control  options  reside  in  the  abstraction 
instruction  capability  associated  with  the  System. 

It  is  noted,  however,  that  output  from  the  Structural 
Monitor  records  the  input  data  problem  description  as  well  as 
optional  intermediate  results.  These  optional  intermediate  results 
can  be  obtained  using  the  element  matrix  print  options  which  are 
described  in  the  Element  Control  Section. 


6.  Grid  Point  Coordinate  Section  (Figure  II-5) 

The  labeled  input  data  form  provided  for  the  Grid 
Point  Coordinate  Section  is  shown  in  Figure  II-5-  The  first  entry 
is  prelabeled  COORD  and  requires  no  input  from  the  User. 

The  second  and  following  entries  contain  information 
pertaining  to  the  grid  point  numbers  and  'their  corresponding 
coordinates  as  follows. 


Coordinate  System  Definition  -  (Col.  5) 

For  each  grid  point  entered  in  the  .grid  point  coordinate 
section,  the  code  corresponding  to  the  coordinate  system  employed 
for  a  particular  grid  point  should  be  entered*  An  R  in  Column  p 
indicates  that  the  coordinates  for  that  particular  grid  point  are 
entered  in  a  Cartesian  system.  A  C  indicates  entry  in  a  cylindr 
system  and  an  S  in  column  '>  indicates  an  entry  in  a  spherical 
system.  If  column  5  is  left  blank  then  the  program  assumes  that 
grid  point  da  .a  is  input  in  the  Cartesian  system. 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


PRINT  OPTIONS 


3.  Triangularized  -  Stiffness 


4.  Displacements 


5.  Intermediate  Function  Minimization 


FIGURE  II-4  PRINT  CONTROL  DATA  FORM 
1C7 


* 


Tt  is  possible  to  mix  coordinate  systems  since 
the  program  converts  all  coordinates  to  the  Cartesian  system 
before  beginning  an  analysis.  It  should  also  be  noted  that  the 
output  such  as  displacements,  and  element  forces  will  be  refer¬ 
enced  to  a  Cartesian  global  system  even  though  the  input  co¬ 
ordinates  may  be  in  a  different  system.  Tf  the  User  desires 
output  in  a  system  other  than  the  Cartesian  global,  the  Grid  Point 
Axes  Transformation  Section  should  be  consulted. 

Grid  Point  Number  -  ( Cols.  7-12^ 

•Grid  points  are  entered  as  fixed  point  numbers 
and  can  be  entered  in  any  sequence  desired.  The  maximum  number 
of  input  grid  points  allowed  is  equal  to  999*  The  total  number 
of  grid  points  entered  in  this  section  must  be  called  out  on  the 
System  Control  Information  Data  Form  in  the  entry  reserved  for 
the  Number  of  input  Grid  Points  (Figure  II-3)* 


Grid  Point  Coordinates  -  (Cols.  13-42] 


Grid  point  coordinates  are  entered  as  floating 
point  numbers.  For  each  grid  point  number  entered,  a  corresponding 
set  of  coordinates  must  also  be  entered. 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


1  2  3  4  S 


I/I 


GRIDPOINT  COORDINATE 


DIRECTIONS 

i 

3  Grid  Point 

P  Number 

Y  -■©• 

z  -  z 

COORD.  INPUT 

a 

El 

1 

6  7  8  9  0  1  2 

2  3 

3456789012 

3  4 

3456789012 

I 

RECTANGULAR 

22 

□ 

1 

1 

I 

l 

I 

1 

l 

l 

CYLINDRICAL 

Q 

i 

til 

1 

i 

i 

I 

i 

1 

1 

SPHERICAL 

B 

ii 

1 

1 

i 

l 

1 

l 

1 

A  =  BLANK 

i 

SI 

1 

i 

IL 

i 

1 

ii 

SI 

1 

L 

l 

8 

i 

III 

1 

L 

I 

i 

ii 

SI 

1 

i 

1 

■ 

l 

II 

1 

i 

1 

8 

i 

ii 

SI 

1 

i 

8 

I 

1 

i 

II 

1 

i 

1 

1 

1 

B 

fl 

1 

i 

1 

1 

g 

1 

11 

1 

i 

1 

l 

1 

B 

lb 

1 

1 

1 

i 

l 

I 

h 

1 

1 

i 

1 

8 

J 

1 

1 

i 

l 

l 

W 

11 

i 

1 

i 

1 

1 

■ 

1 

i 

l 

I 

li 

i 

1 

i 

l 

8 

i 

11 

1 

1 

I 

I 

I 

91 

1 

I 

i 

1 

1 

ii 

il 

1 

g 

8 

8 

I 

i 

II 

1 

1 

I 

f 

I 

li 

II 

1 

I 

l 

l 

1! 

SI 

1 

i 

l 

l 

II 

II 

1 

l 

1 

1 

IB 

II 

1 

I 

1 

I 

1 

II 

1 

i 

l 

l 

it 

1 

1 

I 

i 

I 

I 

1 

R 

11 

1 

I 

1 

1 

1 

H 

If  coordinate  information  mvil  bocontlnuod  on  Mcond  »hoot, 
uter  MUST  dotote  Coord,  labol  Card  from  tocond  *hor*t. 

FIGURE  II-5  GRID  POINT  COORDINATE  DATA  FORM 
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7.  n i'id  Point  Pressure  Section  (Figure  II-6) 

Pressure  loading  is  considered  as  element  applied 
loading  and  is  transformed  into  consistent  energy  equivalent 
grid  point  loads  within  the  MAGIC  System.  For  convenience  to 
the  User,  thi  pressures  are  input  at  each  grid  point.  In  order 
to  accompli ~h  this,  a  labeled  input  data  form  is  provided  for 
the  Grid  Point  Pressure  Section.  This  form  is  shown  in 
Figure  11-0 . 

In  this  section  the  User  may  employ  two  time  saving 

devices. 

(1)  MODAL  -  The  MODAL  option  automates  the  specifica¬ 
tion  of  recurring  values  within  a  subset  of  input 
data.  This  feature  enables  data-pre scribed 
initialisation  of  tables.  Explicit  data  require¬ 
ments  are  thereby  limited  to  specification  of 
exceptions  to  the  modal  initialisation. 

(2)  REPEAT  -  A  Repeat  option  is  available  which 
allows  the  User  to  retain  data  from  a  previous 
point  for  the  indicated  point. 

The  first  entry  on  the  form  is  prelabeled  PRESS  and 
requires  no  input  from  the  User.  The  second  entry  on  the  form 
is  the  MODAL  entry.  MODAL  is  prelabeled  in  Columns  1-5  of  this 
entry;  Columns  13-^12  are  reserved  for  input  pressures.  This 
MODAL  option  allows  the  User  to  input  a  pressure  value  or  set 
of  pressure  values  (depending  on  the  finite  element  employed) 
which  the  system  applies  to  every  grid  point  unless-  otherwise 
indicated  by  a  separate  entry  on  the  grid  point  card's  which 
iollow  the  MODAL  entry. 

In  the  present  MAGIC  System,  a  maximum  of  three  pressure 
values  may  be  input  per  grid  point.  These  pressures  (entered  in 
floating  point  notation)  are  interpreted  according  to  the  element 
which  is  being  employed  in  the  analysis. 

The  third  and  following  entries  in  the  section  contain 
information  pertaining  to  -the  Grid  Point  Numbers,  Repeat  Option 
arid  corresponding  pressure  values^  as  follows: 
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Grid  Point  Number  -  (Cols.  7-11) 


(1)  Grid  points  are  entered  as  fixed  point 
numbers. 

(2)  Grid  points  can  be  entered  in  any  sequence 
desired. 

(3)  Along  with  each  grid  point  a  maximum  of  three 
pressure  values  can  be  input.  The  pressure 
entry  is  a  function  of  the  type  of  element 

or  elements  employed  in  the  analysis  (See 
Element  Control  Section). 

Repeat  -  (Col.  12) 

The  repeat  option  allows  the  User  to  repeat  re¬ 
occurring  pressure  from  grid  point  to  grid  point. 
This  is  accomplished  in  the  following  manner.  If 
pressures  at  a  number  of  grid  points  are  identical, 
the  User  enters  the  grid  point  number  arid  associated 
pressure  or  pressures  for  the  first  grid  point  at 
which  the  pressure  or  pressures  are  acting.  For 
the  following  points  with  identical  pressures,  just 
the  grid  point  number  (Col.  7-11)  and  an  »X*  in  the 
Repeat  (Col.  12)  need  be  entered. 

REMEMBER: 

(1)  For  a  .problem  with  equal  pressures  at  all  grid 
points,  only  the  MODAL  entry  is  required. 

(2)  The  Repeat  option  can  be  used  effectively  for 
sets  of  grid  points  which  have  identical 
pressures. 

("3 )  For  a  problem  where  pressure  loading  is  not 
pertinent,  the  User  simply  ignores  the  Grid 
Point  Pressure  Section. 

(4)  Pressures  associated  with  each  finite  element 
are  completely  described  in  the  Element 
Control  Section.  , 

(5)  Pressure  loadings  are  element  related  and 
are  hot  to  be  confused  with  External  Loads. 
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8.  Grid  Point  Temperature  Section  -  (Figure  II-7) 

Temperature  loading  is  considered  as  element  applied 
loading  and  is  transformed  into  consistent  energy  equivalent 
grid  point  loads  according  to  element  type.  For  convenience 
to  the  User,  the  temperature  values  (or  temperature  gradients) 
are  input  at  each  grid  point.  In  order  to  accomplish  this,  a 
labeled  input  data  form  is  provided  for  the  Grid  Point  Tempera¬ 
ture  Section.  In  this  section  (as  in  the  Grid  Point  Pressure 
Section)  the  User  may  employ  two  time  saving  devices. 

(1)  MODAL  -  The  MODAL  option  automates  the  specifica¬ 
tion  of  recurring  values  within  a  subset  of  input 
data.  This  feature  enables  data-pre scribed 
initialization  of  tables.  Explicit  data  require¬ 
ments  are  thereby  limited  to  the  specification 

of  exceptions  to  the  MODAL  initialization. 

(2)  REPEAT  -  A  Repeat  option  is  availabie  which 
allows  the  User  to  retain  data  from  a  previous 
po?nt  for  the  indicated  point. 

The  prelabeled  input  data  form  provided  for  the  Grid 
Point  Temperature  Section  is  shown  in  Figure  II-7.  The  first 
entry  on  the  form  is  prelabeled  TEMP  and  requires  no  input  from 
the  User. 

The  second  entry  on  the  form  Is  the  MODAL -entry.. 

MODAL  is  prelabeled  in  Columns  1-5  of  this  entry.  Columns  13-42 
are  reserved  for  input  temperatures1  (or  temperature  gradients) . 
The  MODAL  option  allows  the  User  to  input-  -  a  temperature,  or 
temperature* gradient,  (depending  oh  the  finite  element  employed) 
which  the  system  applies  to  every,  grid  .point  unless  otherwise 
indicated  by  a  separate  entry  on  the  grid  point  cards  which 
follow  the  MODAL  entry. 

The  second  and  following  entries  in  the  section  contain 
information  pertaining  to  the  Grid  Point" Numbers,  Repeat  Option, 
and  corresponding  temperature  values  (or  gradients)  as  follows: 

Grid, Point  Number  -  (Cols,  7-11) 

(1)  Grid  points  are  entered  as  fixed  point 
numbers. 

(2) .  Grid  points  can  be  entered  ip  any  sequence 

desired. 
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Repeat  -  (Col.  12) 


The  repeat  option  allows  the  User  to  repeat 
reoccurring  temperatures  (or  gradients)  from  grid 
point  to  grid  point.  This  is  accomplished  in  the 
following  manner.  If  temperatures  at  a  number  of 
grid  points  are  identical,  the  User  enters  the  grid 
point  number  and  associated  temperature  data  fbr the  first 
grid  point.  For  the  following  points  having  the  same 
temperature  data,  just  the  grid  point  number  (Col.  7- 11) 
and  an  'X'  in  the  Repeat  (Col.  12)  need  be  entered. 

From  Figure  II-7  it  i*s  noted  that  provision  is  made  for 
three  values  of  temperature  (or  temperature  gradients)  depending 
on  what  finite  element  is  being  used  in  the  analysis.  A  complete 
description  of  each  element  along  with  appropriate  instructions 
for  the  input  of  temperatures  and  temperature  gradients  will  be 
presented  in  the  Element  Control  Section. 


REMEMBER; 

(1)  For  a  problem  with  equal  temperatures  .at  all 
grid  points,  only  the  MODAL  entry  is  required. 

(2)  The  Repeat  option  can  be  used  effectively  for 
sets  of  grid  points  which  have  the  same 
temperatures. 

(3)  Remember  to  specify  TQ  on  the  System  Control 
Information  Data  Form  (Figure  II-3). 

(4)  For  a  problem  where  temperature  loading  is  not 
pertinent  the  User  simply  ignores  the  Grid 
Point  Temperature  Section. 

(5)  Temperature  loadings  are  element  related  and 
are  not  to  be  confused  with  External  Loads. 

(6)  The  temperatures  input  in  the  Section  must  be 
consistent  with  the  units  of  the  coefficient 
of  thermal  expansion,  of.  ,  which  was  input  in 
the  Material  Tape  Input  Section  (Figure  II-2). 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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FIGURE  II-7  GRID  POINT  TEMPERATURE  DATA  FORM 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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(continued) 
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9. a.  Rotational  Transformations  Section  - 
Input  Matrices  -  (Figure  II-8a) 

In  general,  a  reference  axis  system  is  associated 
with  each  grid  point.  This  Local  System  ( 7. ,  Y,  Y)  may  be 
specified  in  two  ways.  Firstly,  it  can  be  specified  in  terms 
of  a  3  x  3  transformation  relative  to  Global  Axes  (X,  Y,  Z). 
Alternatively,  axes  for  a  grid  point  may  be  specified  by  a  set 
of  coordinate  points.  The  three  by  three  transformation 
relative  to  Global  Axes  is  then  generated  internally  and  exhib¬ 
ited  in  the  edited  display  of  problem  description  data.  This 
feature  enables  treatment  of  boundary  constraints  arbitrarily 
oriented  with  respect  to  Global  Axes.  It  also  allows  displace¬ 
ment  output  to  be  displayed  in  convenient  Local  Systems  (e.g. 
shell  midsurface  and  normal  directions). 

This  section  deals  with  the  case  in  which  the  User 
inp\  s  the  three  by  three  transformation  matrices  relative 
to  Global  Axes. 

The  labeled  input  data  form  provided  for  this  section 
is  shown  in  Figure  II-8a.  The  first  entry  is  prelabeled  TRANS 
and  requires  no  input  from  the  User.  The  second  and  subsequent 
entries  contain  the  following  items  of  information. 

System  Number  -  (Cols.  7-9) 

The  System.  Number  is  entered  as  a  fixed  point 
number.  This  number  can  be  from  1  to  n  where  n  is 
the  number  of  Local  Systems  -which  are  being  trans¬ 
formed.  The  value  of  n  must  be  called  out  on  the 
System  Control  Information  Data  Form  (Figure  11-3). 

Number  of  Applicable  Grid  Points  -  (Cols.  10-12) 

The  entry  made. in  this  position  is  equal  to  the 
number  of  grid  points  which  are  contained  in  the 
Local  System  being  transformed.  This  number  is 
entered  as  a  fixed  point  number. 

The  next  entries  made  by  the  User  pertain  to  the 
applicable  grid  points  themselves.  The  number  of  grid  points 
entered  must  be  equal  to  the  number  which  was  entered  in  the 
Number  of  Applicable  Grid  Points  Location  (Cols.  10-12). 


Applicable  Grid  Points  -  (Cols 


7-51) 


There  is  provision  made  for  a  maximum  of  15 
applicable  grid  points  per  system  number  in  this 
location.  Each  grid  point  is  contained  in  a  three 
column  field  and  is  entered  as  a  fixed  point  number. 
If  more  than  15  grid  points  are  applicable  to  one 
transformation,  the  remaining  points  must  be  defined 
under  additional  systems. 

Transformation  Matrix 


The  following  entries  are  the  elements  of  the 
three  by  three  transformation  matrix  itself.  The 
transformation  matrix  is  of  the  form 

(xol  =  l>]  k} 

where  the  refers  to  Global  (X,  Y,  Z)  coordinate 

Vector  and  the  |XLj  refers  to  Local  System  (X,  Y,  Z) 

coordinate  Vector.  The  transformation  matrix  is  of  the 
form: 


M 
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Global  Axis; 


System  Axi 
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V2 

-  *xt 

and  the  input  to  the  prelabeled  input  data  form 
is  as  follows: 


REMEMBER: 

(1)  Total  number  of  Systems  which  are  being 
transfonned  must  be  set  forth  on  the  Systems 
Control  Information  Data  Form  (Figure  II-3). 

(2)  In  this  section  the  transformation  matrices 
are  input  by  the  User.  In  the  following 
section,  titled  GRAXES  the  transformation 
matrices  are  calculated  internally  by  the 
MAGIC  System. 
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FIGURE  II -8a  ROTATIONAL  TRANSFORMATION  (INPUT  MATRICFS)  DATA  FORM 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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9,b .  Relational  Transformations  Section  -  General  Trans. 

Kg* rices  (FlgUre  II -8b) 

A  reference  axis  system  is  normally  associated  with 
each  grid  point.  This  Local  System  (X,7,2)  may  be  specified  in 
two  ways,  firstly,  it  can  be  specified  in  terms  of  a  3  x  3  trans¬ 
formation  relative  to  Global  Axes  (X,Y,Z).  Alternatively,  axes 
for  a  grid  point  may  be  specified  by  a  set  of  coordinate  points. 
The  three  b\  three  transformation  relative  to  Global  Axes  is 
then  generated  internally  and  exhibited  in  the  edited  display  of 
problem  description  data.  This  feature  enables  treatment  of 
boundary  constraints  arbitrarily  oriented  with  respect  to  Glot  1 
Axes.  It  also  allows  displacement  output  to  be  displayed  in 
convenient  local  Systems  (e.g.  shell  midsurface  and  normal 
directions). 

This  section  deals  with  the  case  in  which  the  trans¬ 
formation  matrices  are  generated  internally  by  the  MAGIC  System 
based  on  instructions  supplied  by  the  User. 

The  labeled  input  data  form  provided  for  this  section 
is  shown  in  Figure  II-8b.  The  first  entry  is  prelabeled  GRAXES 
and  requires  no  information  from  the  User.  The  second  and  sub¬ 
sequent  entries  contain  the  following  items  of  information. 

System  Number  -  (Cols.  7-9) 

The  grid  point  triad  System  Number  is  an  integer 
identification  code  which  enables  convenient  and 
explicit  reference  to  particular  grid  point  axes 
transformations  of  the  form 

M  =  0]  W 

Global  Coordinate  Vector 
Local  System  Coordinate  Vector 
Transformation  Matrix 


K)  - 
W  - 
M  * 
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Local  Axis  Direction  -  (Cols.  10-12) 


A  grid  poinc  axis  system  is  described  by  specifying 
ths  identify  at  ion  numbers  of  two  grid  points  which 
li<~  along  one  axis  together  with  the  identification 
number  of  a  gridpoint,  which  lies  in  one  of  the  Local 
c^crclinatc  planes.  The  integer  number  *1*  is  placed 
in  Column  10,  11,  or  12,  corresponding  to  the  respec¬ 
tive  definition  of  the  X,  Y,  or  Z  axis  by  two 
coordinate  points. 

Plane  Definition  Grid  Point  Numbers  -  (Cols.  13-24) 


The  grid  point  number  column  1  and  2  identify  the 
twc  grid  points  which  lie  along  an  axis  of  the  grid 
point  coordinate  system.  The  positive  direction  is 
assumed  from  1  toward  2.  The  coordinate  plane  (in 
which  the  coordinate  point  associated  with  the  grid- 
point  column  labeled  3  resides),  depends  upon  the 
axis  defined  by  the  first  two  points.  The 
interpretation  is  as  follows: 

(1)  If  points  1  and  2  define  the  X-axis  then 
point  3  lies  in  the  (X,Y)  plane.  - 

(2)  If  points  1  and  2  define  the  Y-axis  then 
point  3  lies  in  the  (X,7)  plane. 

(3)  If  points  1  and  2  define  the  Z-axis  then 
paint  3  lies  in  the  (X,Z)  plane. 

Applicable  Grid  Point  Numbers  -  (Cols.  25-69) 

This  data  specifies  the  list  of  grid  points 
associated  with  the  grid.point  axis  coordinate 
system  identification  number.  If  the  list  length 
exceeds  the  available  space  on  the  first  line, 
then  the  remaining  points  must  be  redefined  under 
additional  Systems. 


REY3KBER: 


(1)  Total  number  of  Systems  which  are  being 
transformed  must  be  set  forth  on  the  Systems 
Control  Information  Data  Form  (Figure  II-3). 

(2)  In  this  section  the  transformation  matrices 
are  generated  internally  by  the  System.  In 
the  preceding  section  entitled  TRANS  the 
transformation  matrices  were  input  by  the  User. 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUt  DATA  FORMAT 


FIGURE  II -8b  ROTATIONAL  TRANSFORMATION  (GENERATE  TRANS.  MATRICES)  DATA  FORM 


10 .  Dyr.anri.es  Section  (Figure  II-SQ 

The  labeled  input  data  form  provided  for  the  calcula¬ 
tion  of  eigenvalues  and  eigenvectors  using  the  .EIGEN  1 . 
abstraction  instruction  is  shown  in  Figure  II-9.  The  first 
entry  on  the  form  is  prelabeled  DYNAM  and  requires  no  input 
from  the  User. 

The  second  entry  on  the  form  contains  the  seven  (7) 
items  of  information  defined  in  the  list  which  follows .  All 
items  of  information  are  entered  rin  fixed  point  notation,  with 
the  exception  of  Item  2  (Convergence  Criteria)  . 

(!)  Number  of  Eigenvalues  Requested  -  (Cols.  1-2) 

The  number  of  eigenvalues  desired  for  a  particular 
analyses  is  entered  in  this  location.  The  maximum 
number  of  eigenvalues  requested  for  any  particular 
run  is  equal  to  twenty  (20) . 

(2)  Convergence  Criteria  -  -  (Cols .  3-14) 

The  convergence  criteria  desired  for  each  eigenvector 
is  entered  in  Columns  3-14  •  The  default  option  is 
0  .CCl .  The  program  Will  automatically  perform  a  maxi¬ 
mum  of  500.  iterations  (unless  otherwise  specified  in 
Item  (3)  below)  With  this  criteria  trying  to  obtain 
convergence .  If  convergence  isn't  obtained  in  500 
iterations,  the  criteria  is  automatically  relaxed  to 
0 .002  , and  the  procedure  is  repeated;.  This  procedure 
will  be' performed  %  ^maxiiSam  of  ten  times  until  the 
final  criteria  is  0.01.  It  convergence  hasn't  been 
obtained  at  this  level  .the  program  will  automatically 
terminate  with  exploratory  diagnostic  messages . 

(3)  Maximum  Number  of  Iterations  -  (Cols.  15-17) 

The  desired  maximum  number  of  iterations  per  convergence 
criteria  for  each  mode  is  entered  in  Columns  15  thru  17. 
If  an  entry  Is  not  made  in  this  location,  the  default 
will  be  500  iterations . 

(4)  Debug  iteration  Print  (Col.  18^ 

If  the  User  desires  a  print  out  of  each  iteration  step, 
in  the  analysis  sequence  a  '1 '  is  entered  In  Column  lo. 
If  iteration  print  is  not  desired.  Column  18  is  left 
blank  or  a  zero  is  ente.red. 
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(5)  First  Normalizing  Element  for  Print  (Cols.  19-9.2) 

7.:'  the  User  desires  eigenvector  normalization,  on  some 
value  other  than  the  largest,  the  option  in  Cols.  19-22 
i:;  used.  If  this  option  is  to  be  used,  the  reduced 
dor.ree-of-freedom  on  which  the  normalization  is  desired 
is  entered . 

(6)  S»ccnd  Normalizing  Element  for  Print  (Cols.  23-26) 

l'“  the  User  desires  a  second  normalization  on  another 
o.gree-of-freedom,  then  the  reduced  degree-of-freedom 
cn  which  this  normalization  is  desired  is  entered  in 
Columns  23-26. 

I"-  is  to  be  noted  that  whether  options  (5),  or  (5)  and 
are  activated  or  not,  the  User  still  obtains  a  print 
of  the  eigenvector  normalized  on  the  largest  value  con¬ 
tained  in  that  vector . 

(7)  Control  for  Guess  Vector  Iteration  Start  (Col.  27) 

Two  types  of  iteration  are  available  in  the  .EIGEN1 . 
Instruction  Package .  Column  or  row  iteration  can  be 
performed.  If  the  User  desires  a  row  iteration  start, 
a  ’l1  is  entered  in  Column  2,7.  The  normal  procedure  is 
to  utilize  Column  iterations .  For  this  option  a  zero 
in  entered  in  Column  27  or  it  is  left  blank. 

I"  is  to  be  noted  that  the  DYNAM  Section  is  utilized  to 
interrogate  the  .EIGEN1.  abstraction  for  both  vibration  and 
stability  analyses.  In  stability  analyses,  usually  only  the 
first  buckling  mode  is  of  interest  while  in  vibration  analyses 
the  first  five  or  maybe  ten  modes  are  of  interest  depending  on 
the  problem  being  analyzed . 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


DYNAMICS  INFORMATION 


Number  of  Eigenvalues  Requested 
(I, ess  Vnan  or  Equal  to  20) 


CD 


Convergence  Criteria  (Floating 
Point) 

(Default  Option  -  0.001) 


H  I  I  I  I  II  I  m 


3^5  6  Y  y  9  10  31  12  1314 


Maximum  Number  of  Iterations 
(Default  Option  -  500  Iterations) 


Debug  Iteration  Print 
Iteration  Print  ON  =  1 
Iteration  Print  OFF  =  0 
(Default  Option  -  Print  OFF) 


First  Normalizing  Element  for  Print  -j  -1-  -T  l  j 

(Default  Option  -  No  First  19  20  21  22 

Normalization) 


Second  Normalizing  Element  for  Print 
(Default  Option  -  No  Second 
Normalization) 


Control  for-  'Guess  Vector  Iteration  Start 
Column  Iteration  Start  =  0 
Row  Iteration  Start  =  1 
(Default  Option  -  Column  Iteration  Start) 


■  Figure  II -9  Dynamics  Control  Information  Data  Form 


The  labeled  input  -data  form  provided  for  the  Boundary- 
Condition  Section  is  shown  in  Figure  11-10.  Three  types  of  input 
codes  define  che  types  of  displacement  allowed: 

1.  Statics 

(a)  0  =  No  Displacement  Allowed, 

(b)  1  =  Unknown  Displacement  and 

(c)  2  =  Known  (Prescribed)  Displacement. 

The  input  code  designated,  *2',  Known  Displacement, 
pertains  to  displacement  loading.  If  displacement  loading  is 
present  in  an  analysis,  the  degrees  of  freedom  which  have 
known  values  of  displacement  are  designated  with  the  input 
code  *2  .  A  separate  prelabelled  input  data  form  designated 
as  the  prescribed  Displacement  Section  is  provided  so  that  the 
User  may  input  the  values  of  the  known  (prescribed)  displacements 
associated  with  these  degrees  of  freedom.  This  form  will  be 
described  in  detail  in  the  following  section. 

2.  Statics  With  Condensation 

(a)  o  =  No  displacement  allowed, 

(b)  1  =  Unknown  Displacement  and 

(c)  2  =  Displacement  Degree  of  Freedom  to  be  Condensed 

(Eliminated)  From  the  Stiffness  Matrix  Which 

Define  the  System. 

The  input  code  designated  '2'  pertains  to  a  degree-of - 
freedom  that  is  to  be  condensed  from  the  system.  This  procedure 
is  used  in  conjunction  with  the  abstraction  instructions  designated 
as  STATICSC  which  were  described  in  detail  previously. 

3.  Dynamics  With  Condensation 

(a)  0  =  No  displacement  allowed, 

(b)  1  -  Unknown  displacement  and 

(c)  2  ■=  Displacement  degree-of -freedom  to  be  condensed 

(eliminated),  from  the  stiffness  and  mass 
,  matrices  which  define  the  system. 

The  input  code  designated  '2'  pertains  to  a  degree-of 
freedom  that  is  to  be  condensed  from  both  the  stiffness  and  mass 
matrices  which  define  the  system.  This  procedure  is  used  in 
c  conjunction  with  the  abstraction  instructions  designated  as 
DYNAMICSC  which  were  described  in  detail  previously. 


With  regard  to  the  Boundary  Condition  Section,  the 
User  may  employ  two  time  saving  devices. 

'1)  MODAL  -  The  MODAL  option  automates  the 

specification  of  reoccurring  values  within  a 
subset  of  input  data.  This  feature  enables 
data-prescribed  initialization  of  tables. 

Explicit  data  requirements  are  thereby  limited 
to  specification  of  exceptions  to  the  MODAL 
Initialization. 

-2)  REPEAT  -  A  REPEAT  option  is  available  which 
allows  the  User  to  retain  data  from  a  previous 
point  for  the  indicated  point. 

The  first  entry  on  the  Boundary  Condition  form  is  prer 
labeled  BOUND  and  requires  no  input  from  the  User.  The  second 
entry  on  the  form  is  the  MODAL  entry.  MODAL  is  prelabeled  in 
columns  1-5  of  this  entry.  Columns  13-21  are  reserved  for  boundary 
conditions.  The  MODAL  option  allows  the  User  to  input  a,  set  of 
boundary  conditions  which  the  system  applies  to  every  grid  point 
unless  otherwise  indicated  by  a  separate  entry  on  the  grid  point 
cards  (Listed  Input)  which  follcwthe  MODAL  entry. 

A  total  of  nine  degrees  of  freedom  .per  point  has  been  provid 
ed  on  the  prelabeled  input  forms.  Three  translation  degrees  of 
freedom  (u,  v,  w),  three  rotations  (©  ,  9^,  9  )  and  three  general¬ 
ized  degrees  of  freedom  (1,  2,  3.);-  ■  The  total  .number 

of  degree  of  freedom  entries  per  point  is  a  function  of  the  type 
being  employed  in  the  analysis. 

(1)  Triangular  Cross -Section  Ring,  Trapezoidal  Cross- 
Section  Ring  (Core.)  -  Three  Degree  of  Freedom 
Entries  per  point:  Corresponding  Displacements 
(u,  v,  w). 

(2)  Frame  Element  Incremental  Frame  Element,  Quadri¬ 
lateral  Shear  Panel,  Quadrilateral  and  Triangular 
Thin  Shell  Elements.,  Quadrilateral  and  Triangular 
Plate  Elements  -  Six  Degree  of  Freedom  Entries  ;per 
Point:  Corresponding  Displacements  (u,  v,  w,  0^, 

V 

(3)  Toroidal  Thin  Shell  Ring  Element  -  Nine  Degree  of 
Freedom  Entries  per  Point:  Corresponding  Displace¬ 
ments  (u,  o,  w,  o,  ©y,  o, -u',  o,  w"  ). 

Following  the  MODAL  entry  are  the  entries  pertaining  to 
Listed  Input.  Included  are  Grid  Point  Numbers,  Repeat  Option  and 
corresponding  boundary  conditions  as  follows: 


C-rid  Point  Number  -  (Cols.  7-11 


(1)  Grid  points  are  entered  as  fixed  point 
numbers . 

(2)  Grid  points  can  be  entered  in  any  order. 


Repeat  - 


The  repeat  option  allows  the  User  to  repeat 
reoccurring  boundary  conditions,  from  grid  point  to 
grid  point.  This  is  accomplished  in  the  following 
manner.  Tf  the  boundary  conditions  at  a  number  of 
grid  ,po.tnts  are  identical,  the  User  enters  the  grid 
point  number  and  associated  boundary  conditions  for  the 
first  grid  point.  Per  the  following  points  with 
identical  boundary  conditions,  just  the  grid  point 
number  (Cols.  7-11)  and  an  !X'  in  the  Repeat  (Col.  12) 
need  be  entered. 


REMEMBER:' 

(1)  The  repeat  option  can  be  used  effectively 
for  sets  of  grid  points  which  have  identical 
boundary  conditions. 

(2)  The  Number  of  Input  Boundary  Condition  Points 
must  be  specified  on  the  System  Control  Infor¬ 
mation  Data  Form  (Figure  11-3) •  This  value  is 
equal  to  the  number  of  exceptions  to  the  MODAL 
card. 


Prescribed  Displacement  Section  (Figure  11-11) 


Applied  loading  may  be  prescribed  in  terms  of  non-zero 
displacement  values.  The  number  of  prescribed  displaced  grid 
points  is  the  number  of  grid  points  that  are  assigned  known  values 
of  displacement  other  than  zero. 


This  section  is  used  in  conjunction  with  the  Boundary 
Condition  Section  when  an  input  code  *2'  is  used  in  that  section 
in  a  STATICS  Analysis.  This  code  designates  that  the  grid  point 
degree  .of  freedom  for  which  '2'  is  entered" has  a  prescribed  dis¬ 
placement.  In  order  to  input  the  actual  value  for  each  prescribed 
displacement,  the  Prescribed  Displacement  Data  Form  is  provided  and 
is  shown  in  Figure  11-11. 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


BOUNDARY  CONDITIONS 

INPUT  CODE  •  0  •  No  Displacement  Allowed 
!  1  -  Unknown  Displacement 

i  2  •  Known  Displacement 


•’IGURE  11-10  BOUNDARY  CONDITION  DATA  FORM 


BAC  1626-2 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


i - 

i  INPUT  CODE  0  -  No  Displacement  Allowed 
j  1  -  Unknown  Displacement 

2  -  Knqwn  Displacement 


BOUNDARY  CONDITIONS 
(continued) 


LISTEO  INPU 


TRANSLATIONS  1 

ROTATIONS  ! 
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FIGURE  II -10  CONCLUDED 
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A  total  of  nine  possible  prescribed  displacements  per 
grid  point  are  provided  for  in  the  section.  These  are  as  follows: 

(1)  three  Translations  (u,  v,  w) 

{2)  throe  Rotations  (0.  e  ,  0„)  and 

a  y  &  ’ 

(3)  three  Generalized  Displacements  (1,  2,  3)* 

The  total  number  of  degree  of  freedom  entries  per  grid  point  is 
a  function  of  the  element  type  being  employed  in  the  analysis. 

(1)  Triangular  Cross-Section  Ring,  Trapezoidal  Cross- 
Section  Ring  (Core)  -  Three  Degree-of -Freedom 
Entries  per  Point:  Possible  Displacements  (u,v,w). 

(2)  Frame  Element,  Incremental  Frame  Element,  Quadri¬ 
lateral  Shear  Panel,  Quadrilateral  and  Triangular 
Thin  Shell  Elements,  Quadrilateral  and  Triangular 
Plate  Elements  -  Six  Degree-of -Freedom  Entries  per 
Point:  Corresponding  Displacements  (u,  v,  w,  0  , 

V  9z>* 

(3)  Toroidal  Thin  Shell  Ring  Element  -  Nine  Degree  of 
Freedom  Entries  per  Point:  Possible  Displacements 
(u,  o,  w,  o,  0  ,  o,  u',  o,  w"  ). 

jr 

Where  the  (u’,  o,  w"  )  correspond  to  the  last  three 
generalized  displacements  (1,  2,  3)  which  will  be 
completely  described  in  the  Toroidal  Ring  portion 
of  the  Element  Control  Section. 

The  applicable  values  of  prescribed  displacement  are 
entered  as  floating  point  numbers.  It  is  important  to  note  that 
Keypunch  Personnel  have  been  instructed  to  ignore  entries  that  are 
not  filled  in.  Blank  entries  are  not  considered  as  zero's.  Zero's 
must  be  entered  in  an  entry  when  applicable. 

The  first  entry  on  the  Prescribed  Displacement  Data  Form 
is  prelabeled  PRDISP  and  requires  no  information  from  the  User. 

The  second  entry  is  prelabeled  PCOND  in  columns  1-5.  Columns  7-11 
are  reserved  for  the  Condition  Number. 


Condition  Number  -  (Cols.  7-11) 

The  condition  number  is  a  fixed  point  number.  In 
the  present  MAGIC  System  either  1  or  NL  displacement  load 
condition  can  be  accommodated  per  execution.  NL  is 
defined  as  the  total  number  of  loading  conditions  in  a 
given  analysis. 


~’re-  next  entry  on  the  form  is  the  MODAL  entry.  This 
entry  allows  the  User  to  input  a  set  of  prescribed  displacements 
which  the  program  assumes  to  apply  to  every  grid  point  unless 
otherwise  indicated  by  a  separate  grid  point  entry  on  the  grid 

point  cards.  MODAL  is  prelabeled  on  this  card  and  the  only  infor¬ 

mation  required  by  the  User  are  the  prescribed  displacement  values 
which  have  been  discussed  previously. 

~.rn  third  and  following  entries  contain  information 
pertaining  zo  the  Grid  Point  Numbers,  Repeat  Option  and  prescribed 
'lisplae'W'’"'.  values  as  follows: 

0 rid  Point  Number  -  (hols.  7 -.11) 

(1)  Grid  Points  are  entered  as  fixed  point  numbers. 

(2)  Grid  Points  ean  be  entered  in  any  sequence  desired. 


Reneat 


(Col.  12' 


The  repeat  option  allows  the  User  to  repeat  values 
of  prescribed  displacements  from  grid  point  to  grid 
point.  This  is  accomplished  in  the  following  manner. 

If  the  prescribed  displacements  at  a  number  of  grid 
points  are  identical,  the  User  enters  the  grid  point 
number  and  associated  displacements  for  the  first  grid 
point.  For  the  following  points  with  identical  dis¬ 
placements,  the  only  grid  point  number  (Col.  7-11)  and 
an  ’X’  in  the  Repeat  (Col.  12)  need  be  entered.  No 
additional  cards  are  needed  for  repeated  grid  points . 


REMEMBER: 

(1)  Zeros  must  be  entered  when  applicable. 
Blanks  are  not  zeros. 


(2)  If  the  number  of  degree  of  freedom  entries  per 
grid  point  is  equal  to  three  (3),  then  only  the 
translation  entry  fu,  v,  w)  is  applicable.  The 
other  two  entrie.s  (Rotations  and  Generalized)  are 
ignored  by  the  User. 


(3)  If  the  number  of  degree  of  freedom  entries  per 
grid  point  is  equal  to  six  (6)  then  the  trans¬ 
lation  and  rotation  entries  must  be  considered. 

If  for  instance,  at  a  certain  grid  point  there 
are  prescribed  values  of  translations,  but  not 
rotations,  zeros  must  be  entered  for  the  rotation 
values  or  the  rotation  entry  will  be  ignored  by 
the  Keypunch  Operator.  This  would  cause  premature 
termination  of  the  run  since  six  degree  of  freedom 
elements  require  two  cards  per  grid  point,  except 
for  repeated  grid  points. 


(4)  If  the  number  of  degree  of  freedom  entries  per 
gr.id  point  is  equal  to  nine  (9)  -  (Toroidal*  Ring 
Element)  then  entries  for  translation,  rotation 
and  generalized  values  of  displacement  must  be 
entered  where  applicable.  If  some  of  these  entries 
are  equal  to  zero,  these  zero  values  must  still  be 
entered  otherwise  the  entries  will  beTgnored  by 
the  Keypunch  Operator  causing  termination  of  the  run. 

'5)  The  Number  of  Prescribed  Displaced  Grid  Points 

must  be  specified  on  the  System  Control  information 
Data  Form  (Figure  11-3).  This  value  is  equal  to 
the  number  of  exceptions  to  the  MODAL  card . 


SUMMARY : 


For  convenience  the  last  three  Reminders  are 

briefly  stated  as, 

(1)  Three  (3)  Degree  of  Freedom  Entries  per 
Grid  Point;  1  Prescribed  Displacement  Card 
Required  per  Grid  Point. 

(2)  Six  (6)  Degree  of  Freedom  Entries  per  Grid 
Point;  2  Prescribed  Displacement  Cards 
Required  per  Grid  Point. 

(3)  Nine  (9)  Degree  of  Freedom  Entries  per  Grid 
Point;  3  Prescribed  Displacement  Cards 
Required  per  Grid  Point. 

(4)  Repeated  grid  points  require  only  one  card. 


13 •  External  Grid  Point  Load's  Section  -  (Figure  11-12) 


Concentrated  loads  are  specified  by  component  against 
grid  point  number.  For  convenience  the  axes  of  reference  may  be 
specified  optionally  as  Global  or  Local  System  (grid  point)  Axes. 


The  labeled  input  data  format  provided  for  the  External 
Grid  Point  Loads  Section  is  shown  in  Figure  11-12.  A  total  of 
nine  possible  external  loads  are  provided  for  in  this  section. 
These  are  as  follows: 


(1)  three  Forces  (F„,  Fy,  Fz), 

(2)  three  Moments  (Mx,  My,  Mz)  and 

(3)  three  Generalized  Forces  (Flf  F2,  F^). 
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FIGURE  11-11  PRESCRIBED  DISPLACEMENT  DATA  FORM 
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Element  Applied  Load  Scalar  -  (Cols.  13-22) 

The  Element  Applied  Load  Scalar  (EALS),  entered 
as  a  floating  point  number,  is  a  device  which  enables  the  User 
to  scale  the  element  applied  load  up  or  down  by  a  scalar  multiplier. 
Element  applied  loading  is  pressure  or  thermal  loading.  The  EALS 
is  utilized  in  the  following  way. 

Total  Load  =  External  Grid  Point  Loads  +  (EALS) 
x  Element  Applied  Loads 

For  multiple  load  conditions,  the  EALS  is  always  applied 
to  the  original  element  applied  loads.  As  an  example,  if  for  the 
first  loading  condition,  the  EALS  =  0*50,  the  Total  Load  would 
equal  the  following: 

Total  Load  =  External  Grid  Point  Loads  +  (0.5) 
x  Element  Applied  Loads 

If  for  the  second  load  condition,  the  EALS  =  0.10,  the 
Total  Load  would  equal  the  following: 

Total  Load  =  External  Grid  Point  Loads  +  (0.1) 
x  Original  Element  Applied  Loads 


External  Loads  Transformation  -  (Col.  24) 

For  User  convenience  an  option  has  been  provided  to 
allow  external  loads  to  be  input  by  specifying  the  axes  of  reference 
as  either  Global  or  Local  System  (grid  point)  Axes. 

If  Graxes  are  not  employed  in  an  analysis  the  loads 
are  assumed  to  be  in  the  Global  System  and  Column  24  is  left  blank. 

If  GRAXES  are  employed  (See  Sections  9  and  10, 

Figures  II-8  and  II-9)  the  following  applies: 

(a)  If  a  ’ 1 '  is  entered  in  Column  24,  the  loads  will 
not  be  transformed,  which  indicates  that  the 
load s  have  been  entered  with  reference  to  the 
gridpoir.t  axes  system-. 

(b)  If  Column  24  is  left  blank  the  loads  will  be 
transformed  utilizing  the  grid  point  axes  trans¬ 
formation.  This  indicates  that  the  program 
assumes  that  the  loads  are  entered  with  respect 
to  the  Global  System  of  reference. 

The  next  entry  on  the  form  is  the  MODAL  entry.  This  entry 
allows  the  User  to  input  a  set  of  External  Loads  which  the  program 
assumes  to  apply  to  every  grid  point  unless  otherwise  indicated  by 
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The  total  number  of  degree  of  freedom  entries  per  grid 
point  is  dependent  on  the  element  type  being  employed  in  the  analysis. 
Three  types  appear  in  the  MAGIC  System,  i.e. 

'1)  Triangular  Cross-Section  Ring,  Trapezoidal  Cross- 
Section  Ring  (Core)  -  Three  Degree-of -freedom 
entries  per  point:  Possible  External  Forces  (F  , 

V  V- 

(2)  Frame  Element,  Incremental  Frame  Quadrilateral 
Shear  Panel,  Quadrilateral  and  Triangular  Thin  Shell 
Elements,  Quadrilateral  and  Triangular  Plate  Elements 
Six  Degree-of-f reedom  entries  per  point:  Possible 
external  forces  (Fx,  Fy,  Fz,  Mx,  My,  Mz). 

(3)  Toroidal  Thin  Shell  Ring  -  Nine  Degree  of  Freedom 
Entries  per  Point:  Possible  External  Forces  (F  ,  0, 

Fzj  0,  My,  0,  F^,  0,  F^).  The  F^,  0  and  F^  are  a  set 

of  generalized  forces  wnich  will  be  described  ir. 
detail  in  the  section  dealing  with  the  Toroidal  Ring 
Element . 


The  applicable  concentrated  Grid  Point  Loads  are  entered 
as  floating  point  numbers.  It  is  important  to  note  that  Keypunch 
Personnel  have  been  instructed  to  ignore  entries  that  are  not 
filled  in.  Blank  entries. ar^  not  considered  as  zeros.  Zeros  must 
be  entered  in  an  entry  when  applicable . 


The  first  entry  on  the  External  Grid  Point  Loads  Form 
is  prelabelec  LOADS  and  requires  no  Information  from  the  User. 
The* second  entry  is  prelabeled  I£0ND  in  Columns  1-5.  The  User 
supplies  two  items  of  information  for  this  entry  as  follows : 


Condition  Number.  -  (Cols.  7-11] 


(1)  Each  external  load  condition  requires  a  number. 


(2)  Each  External  Load  Condition  is  entered  on  a 
Separate  labeled  input  data  form. 


O''  In  every  analysis,  the  User  must  designate  at 
least  one  (l)  External  Load  Condition.  This 
applies  even  when  there  are  no  External  Loads 
acting  on  the  systenr . 

(t)  The  condition  number  is  entered  as  a  fixed  point 
number. 
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Element  Applied  Load  Scalar  -  (Cols.  13-22) 


The  Element  Applied  Load  Scalar  (EALS),  entered 
as  a  floating  point  number,  is  a  device  which  enables  the  User 
to  scale  the  element  applied  load  up  or  down  by  a  scalar  multiplier. 
Element  applied  loading  is  pressure  or  thermal  loading.  The  EALS 
is  utilized  in  the  following  way. 

Total  Load  =  External  Grid  Point  Loads  -I-  (EALS) 
x  Element  Applied  Loads 

For  multiple  load  conditions,  the  EALS  is  always  applied 
to  the  original  element  applied  loads.  As  an  example,  if  for  the 
first  loading  condition,  the  EALS  -  0 . bO ,  the  Total  Load  would 
equal  the  following: 

Total  Load  =  External  Grid  Point  Loads  +  (0-5) 
x  Element  Applied  Loads 

If  for  the  second  load  condition,  the  EALS  =  0.10,  the 
Total  Load  would  equal  the  following: 

Total  Load  =  External  Grid  Point  Loads  +  (0  1) 
x  Original  Element  Applied  Loads 


External  Loads  Transformation  -  (Col.  24  ) 

For  User  convenience  an  option  has  been  provided  to 
allow  external  loads  to  be  input  by  specifying  the  axes  of  reference 
as  either  Global  or  Local  System  (grid  point)  Axes. 

If  Graxes  are  not  employed  in  an  analysis  the  loads 
are  assumed  to  be  in  the  Global  System  and  Column  24  is  left  blank. 

If  GRAXES  are  employed  (See  Sections  9  and  10, 

Figures  II-8  and  II-9)  the  following  applies: 

(a)  If  a  '1'  is  entered  in  Column  24,  the  loads  will 
not  be  transformed,  which  indicates  that  the 
loads  have  been  entered  with  reference  to  the 
gridpoint  axes  system. 

(b)  If  Column  24  is  left  blank  the  loads  will  be 
transformed  utilizing  the  grid  point  axes  trans¬ 
formation.  This  indicates  that  the  program 
assumes  that  the  loads  are  entered  with  respect 
to  the  Global  System  of  reference. 

The  next  entry  on  the  form  is  the  MODAL  entry.  This  entry 
allows  the  User  to  input  a  set  of  External  Loads  which  the  program 
assumes  to  apply  to  every  grid  point  unless  otherwise  indicated  by 
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a  separate  grid  point  entry  on  the  grid  point  cards.  MODAL  is 
prelabeled  on  this  card  and  the  only  information  required  by  the 
User  are  the  External  Load  Values  which  have  been  discussed 
previously. 


The  third  and  following  entries  contain  information 
pertaining  to  the  Grid  Point  Numbers,  Repeat  Option  and  External 
Loa  is,  as  follows: 

Grid  Point  Number  -  (Cols.  7-11) 

(1)  Grid  Point  Numbers  are  entered  as  fixed  point 
numbers . 

(?)  Grid  Point  Numbers  can  be  entered  in  any 
sequence  desired. 

Repeat  -  (Col.  12) 

The  repeat  option  allows  the  User  to  repeat  values 
of  external  loads  from  grid  point  to  grid  point.  This 
is  accomplished  in  the  following  manner.  If  the  external 
loads  at  a  number  of  grid  points  are  identical,  the  User 
enters  the  grid  point  number  and  associated  external 
loads  for  the  first  grid  point.  For  the  following  points 
having  identical  loads,  only  the  grid  point  number  (Col.  7-11) 
and  an  'X1  in  the  Repeat  (Col.  12)  need  be  entered. 


REMEMBER: 

(1)  The  External  Grid  Point  Loads  Section-  must  be 
utilised  even  if  there  are  no  external  grid  point 
loads  acting  on  the  structure.  For  this  case,  only 
the  MODAL  Card  is  required  with  zero  entries  in 
the  appropriate  locations . 

(2)  The  Repeat  option  can  be  used  effectively  for  sets 
of  grid  points  having  identical  external  loads. 

(3)  External  Grid  Point  Loads  are  not  element  related 
and  should  not  be  confused  with  element  applied 
loads  such  as  pressures  and  thermal  loading. 

(4)  The  number  of  external  load  conditions  must  be 
specified  on  the  System  Control  Information  Data 
Form  (Figure  11-3} • 

(5)  Zeros  must  be  entered  when  applicable  Blanks 
are  not  zeros . 
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(6)  If  the  number  of  degree  of  freedom  entries  pe** 
grid  point  is  equal  to  three  (3)  then  only  the 
force  values  (Fx,  Fy,  Fz)  are  applicable.  The 

other  two  entries  (Moments  and  Generalized  Forces) 
are  ignored  by  the  User. 

(7)  If  the  number  of  degree  of  freedom  entries  per  grid 
point  is  equal  to  six  (6)  then  the  Force  and  Moment 
Values  must  be  considered.  If  for  instance,  at  a 
certain  grid  point  there  are  applied  forces  but  no 
applied  moments,  zeros  must  be  entered  for  the 
Moment  values  or  this  entry  will  be  ignored  by  the 
Keypunch  Operator.  This  would  cause  premature 
termination  of  the  run  since  six  degree  of  freedom 
elements  require  two  External  Load  cards  per  grid 
point. 

(8)  If  the  number  of  degree  of  freedom  entries  per 

grid  point  is  equal  to  nine  (9)  then  F'orces,  Moments 
and  Generalized  Forces  must  be  entered.  If  some 
of  these  entries  are  equal  to  zero,  these  zero 
values  must  still  be  entered  otherwise  the  entries 
will  be  ignored  by  the  Keypunch  Operator  causing 
premature  termination  of  the  run. 

(9)  Repeated  grid  points  require  only  one  card. 

SUMMARY; 

For  convenience  the  last  four  Reminders  are  briefly 
stated  as, 

(1)  Three  (3)  Degree  of  Freedom  Entries  per  Grid  Point; 

1  External  Load  Card  Required  per  Grid.  Point. 

(2)  Six  (6)  Degree  of  Freedom  Entries  per  Grid  Point; 

2  External  Load  Cards  Required  per  Grid  Point. 

(3)  Nine  (9)  Degree  of  Freedom  Entries  per  Grid  Point; 

3  External  Load  Cards  Required  per  Grid  Point. 

(4)  Repeated  grid  points  require  only  one  card. 
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14.  Element  Control  Data  Section  (Figure  11-13) 

The  Element  Control  Data  Section  establishes  control  on 
the  types  and  number  of  elements  which  are  to  be  used  in  a  specific 
analysis.  A  prelabeled  input  data  form  is  provided  for  the  Element 
Control  Data  Section  and  is  shown  in  Figure  11-13 .  This  form  is 
applicable  to  all  finite  elements  which  are  contained  in  the  MAGIC 
library.  Upon  examination  of  the  form  it  is  seen  that  certain  data 
are  applicable  to  all  of  the  elements  in  the  library  while  other 
data  are  element  dependent. 

The  first  entry  on  the  form  is  prelabeled  ELEM  and  requires 
no  information  from  the  User.  The  second  and  follovjing  entries 
contain  the  following  information. 

Element  Number  -  (Cols.  7-10) 

(1)  The  element  number  which  defines  the  element 
being  considered  is  entered  in  this  location. 

(2)  Elements  can  be  entered  in  any  sequence  desired. 

(3)  The  element  number  is  entered  as  a  fixed  point 
number. 

Plug  Number  -  (Cols.  13-12) 

(1)  Each  finite  element  in  the  Element  Library  has  an 

identification  number  as  follows: 

(a)  Number  11  -  Frame  Element 

(b)  Number  13  -  Incremental  Frame  Element 

(c)  Number  25  -  Quadrilateral  Shear  Panel 

(d)  Number  4o  -  Triangular  Cross-Section  King 

(e)  Number  4l  -  Trapezoidal  Cross-Section  Ring  (Core) 

(f)  Number  21  -  Quadrilateral  Thin  Shell 

(g)  Number  20  -  Triangular  Thin  Shell 

(h)  Number  28  -  Quadrilateral  Plate 

(i)  Number  27  -  Triangular  Plate 

(j)  Number  30  -  Toroidal  Ring 

(2)  Identification  Numbers  are  entered  as  fixed  point  numbers. 

Material  Number  -  (Cols.  13-18) 

The  material  number  is  the  number  of  the  material 

associated  with  the  element  in  question.  This  number  is 

referenced  to  the  material  tape.  For  instance,  if  the 
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User  were  using  material  number  138,  this  material  would 
have  had  to  be  on  the  tape  at  the  time  of  the  run  or  be 
a  material  that  the  User  was  adding  to  the  tape  for  this 
particular  run.  The  material  number  must  appear  exactly 
as  it  was  In  Cols.  10-15  of  the  MATER  section. 


Temperature  Interpolate  Option  -  (Col.  19) 

The  Temperature  Interpolate  Option  is  exercised  in 
the  following  manner: 

(1)  If  an  entry  is  not  made  in  Column  19,  the  program 
will  average  the  node  point  temperatures  of  the  element 
in  question  and  use  this  average  temperature  when 
establishing  material  properties  from  the  material  tape 

(2)  If  a  *  1  *  is  entered  in  Column  19,  the  program  will  use 
the  Material  Temperature  entered  in  Columns  20-27  when 
establishing  material  properties  from  the  material  tape 

(3)  If  a  number  n  (n>  1)  is  entered  in  Column  19,  then  this 
number  is  equal  to  the  number  of  node  points  which  will 
participate  in  the  averaging  process.  The  first  n  node 
points  entered  in  Columns  36-71  (Node  Point  Section), 
of  the  Element  Control  Data  Section  will  then  be  used 
in  the  averaging  process. 

Material  Temperature  -  (Cols.  2Q-27^ 

If  the  User  exercises  the  Temperature  Interpolate 
Option  by  plac ing'  a  'l1  in  Column  19.  then  a  temperature 
associated  with  the  element  in  question  should  be  entered 
in  Columns  20-27  in  a  thermal  stress  analysis.  The  program 
will  then  use  this  temperature  when  establishing  material 
properties  from  the  Material  Tape. 

Repeat  Element  Matrices  -  (Col.  28) 

Element  matrices  generated  for  assembly  against  a 
particular  finite  element  specification  can  also  be  used 
for  the  next  element  in  the  calculation  sequence.  This 
avoids  repeated  calculation  of  identical  element  matrices. 
Experience  indicates  a  high  fre^v..  ,:y  of  opportunities  for 
ex-  lotting  this  feature.  Input  data  requirements  and 
execution  times  can  be  significantly  reduced  with  use  of 
this  feature.  The  option  is  exercised  by  the  User  by 
placing  an  'X'  in  Col.  28  opposite  the  Element  Number  for 
which  element  matrices  are  to  be  repeated. 
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Element  Input  -  (Col.  29) 


Certain  of  the  elements  contained  in  the  MAGIC 
System  element  library  require  Element  Input  peculiar 
to  that  element.  All  of  the  elements  available  in 
the  MAGIC  element  library  require  Element  Input  with 
the  exception  of  the  Triangular  and  Trapezoidal  Cross- 
Section  Ring  Elements  v/here  it  depends  upon  the  type 
of  analysis  being  performed.  For  elements  which  require 
Element  input,  an  'X'  is  placed  in  Column  29. 

A  prelabeled  input  data  form  is  provided  especially 
for  Element  Input.  This  form  will  be  discussed  in  detail 
immediately  following  the  discussion  of  the  Element 
Control  Data  input  form. 

Interpolated  input  Print  -  (Col.  30) 

If  the  User  places  an  'X'  in  Column  30,  the  following 
information  is  obtained: 

(1)  Material  Number 

(2)  Material  Identification 

(3)  Type  of  Material,  i.e.  Isotropic  or  Orthotropic 

(4)  Interpolated  Material  Properties,  which  include 

(a)  Temperature 

(b)  Young's  Modulus 

(c)  Poisson's  Ratio 

(d)  Thermal  Expansion  Coefficients 

(e)  Rigidity  Moduli 

Element  Matrix  Print  -  (Col.  31) 

If  the  User  places  an  'X:  In  Column  31>  a  print 
of  element  matrices  associated  with  the  element  in 
question  is  obtained . 

Full  Print  (Col.  32) 

If  the  User  places  an  'X'  in  Column  32  a  total  print 
of  all  element  matrices  and  intermediate  computations  is 
obtained  for  the  element  in  question.  In  general,  this 
option  is  exercised  when  debugging  a  problem 
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The  number  of  input  nodes  is  the  number  of  node 
points  which  define  an  element.  The  following  number 
of  node  points  are  applicable  to  the  elements  in  the 
MAGIC  Library. 


(1)  Frame  Element: 

(2)  Incremental  Frame  Element: 

(3)  Quadrilateral  Shear  Panel: 

(4)  Triangular  Cross-Section  Ring: 

(3)  Trapezoidal  Cross-Section  Ring  (Core): 

(6)  Quadrilateral  Thin  Shell: 

(7)  Triangular  Thin  Shell: 

(9)  Quadrilateral  Plate: 


(9)  Triangu3.ar  Plate: 

(10)  Toroidal  Ring: 


Pressure  Suppression  Option  - 


3  Node  Points 

3  Node  Points 

4  Node  Points 

3  Node  Points 

4  Node  Points 
8  Node  Points 
6  Node  Points 
4  Node  Points 
3  Node  Points 
2  Node  Points 


Pressure  Load  Matrices  are  generated  at  the  element  level 
in  the  MAGIC  System.  The  User  has  the  option  of  placing 
ah  *X '  in  Column  35 ,  if  it  is  desired  to  suppress  the 
generation  of  the  pressure  Load  Vector  for  any  particular 
element. 


Node  Points  -  (Cols.  36-711 


These  locations  are  reserved  for  the  node  points  which 
describe  the  element  in  question.  The  User  should  note 
that  three  column  fields  are  set  aside  for  each  node  point. 
There  are  12  locations  set  a3ide  for  node  points.  The  last 
four  locations  (9,  10,  11,  and  12)  apply  only  to  the  quadri¬ 
lateral  and  triangular  thin  shell  elements.  Their  use  will 
be  fully  described  in  the  section  which  pertains  to  the 
quadrilateral  and  triangular  thin  shell  elements. 


REMEMBER: 

The.  total  Number  of.  Elements  must  be  called  out  on 
the  System  Control  Information  Data  Form  (Figure  II-3). 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM  CLCMtHt  CONTROL  DAT* 

INPUT  DATA  FORMAT 


FIGURE  11-13  ELEMENT  CONTROL  DATA  FORM 


15-  Element  Input  Section  -  (Figure  II-14) 

A  labeled  input  data  form  is  provided  for  the  Element 
Input  Section.  This  form  is  used  for  elements  which  require 
Element  Input:  (Column  29  of  the  Element  Control  Data 
Section) . 

The  first  entry  on  the  form  is  prelabeled  EXTERN  and 
requires  no  information  from  the  User.  The  second  entry  on 
the  input  data  form  is  the  MODAL  entry  which  allows  the  User 
to  incut  element  ir.nut  which  the  program  assumes  to  apply  to 
every  element  unless  otherwise  indicated  in  the  Element 
Number  entries  which  follow  the  MODAL  card.  It  can  be  seen 
from  the  input  data  form  that  the  Element  Input  is  labeled 
A,  B,  C,  D,  E,  F  with  each  item  contained  in  a  ten  column 
field.  These  are  the  locations  where  the  element  input  is 
entered,  if  the  element  being  used  requires  element  input. 
The  entries  made  in  locations  A  through  F  are  entered  as 
floating  point  numbers.  The  values  which  are  entered  in 
these  locations  are  functions  of  the  type  of  element  being 
employed  in  the  analysis.  This  input,  therefore,  is  element 
related  and  will  be.  explained  in  detail  for  each  element  in 
the  following  sections. 

The  third  and  following  entries  in  the  section  contain 
information  pertaining  to  the  Element  Numbers,  Repeat  Option 
and  Element  Input,  i.e.: 

Element  Number  -  (Cols.  7r^) 

(1)  Element  numbers  are  entered  as  fixed  point 
numbers. 

(2)  Element  numbers  must  be  entered  consistent 
with  the  order  in  which  they  were  entered 
in  the  Element  Control  Data  Section. 
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Repeat  -  (Col.  12) 


The  repeat  option  provides  the  User  with  the 
opportunity  to  repeat  Element  Input  from  element 
to  element.  This  is  accomplished  in  the  follow¬ 
ing  manner.  If  the  element  input  for  a  number  of 
elements  is  identical,  the  User  enters  the  element 
number  and  associated  element  input  for  the  first 
element.  For  the  following  elements  having  the 
same  element  input,  only  the  Element  Number  (Col. 
7-11)  and  an  'X'  in  the  Repeat  column  need  be 
entered . 


REMEMBER: 

(1)  For  a  problem  with  identical  Element  Input 
for  every  element  only  the  MODAL  entry  is 
required. 

(2)  The  repeat  option  can  be  used  effectively 
for  sets  of  elements  that  have  the  same 
Element  Input. 

(3)  The  type  of*  element  input  required  for  an 
element  is  a  function  of  element  type. 

This  element  input  will  be  completely 
described  in  the  following  sections. 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  II-14  ELEMENT  INPUT  DATA  FORM 


J.O  . 


Element  [nput  Description 


f 

If 

* 


| 


a.  Frame  Element  (Ident.  No.  11) 

The  frame  discrete  element  is  suitable  for  idealiza¬ 
tion  of  all  strut* tu res  which  are  adequately  characterized  by 
"beam  theory  The  frame  element  representation  is  developed 
in  detail  in  he  Terence  8,  and  is  shown  in  Figure  11-15. 


Geometric  specification  of  the  straight  slender  pris¬ 
matic  frame  element  is  given,  in  part,  by  the  end  point  co¬ 
ordinates.  U  third  coordinate  point  in  the  element  X  -Y 
positive  quadrant  is  required  to  specify  twist  ®  ® 

orientation . 

The  cross-section  of  the  frame  element  is  assumed 
doubly  symmetric  with  respect  to  clement  geometric  axes.  It 
is  characterized  by  moments  of  inertia  about  the  three  element 
axes  together  with  the  cross-sectional  area. 

A  linear  Hooke's  Law  is  assumed  to  govern  material 
behavior.  Temperature  referenced  mechanical  and  physical 
material  properties  are  selected  from  the  material  library. 

The  frame  element  representation  includes  membrane, 
torsion,  and  flexure  actions.  These  contributions  are 
uncoupled  in  consequence  of  the  zero  curvature  and  cross- 
section  symmetry  assumptions. 

Deformation  behavior  of  the  basic  frame  element  is 
described  by  the  twelve,  displacement  degrees  of  freedom 
associated  with  the  two  grid  points  which  it  connects. 
Description  of  stress  behavior  is  accepted  as  the  definition 
of  the  twelve  forces  acting  at  the  two  grid  point  connections. 

The  f ol?  owing  element  matrices  are  provided  for 
the  Frame  Element  in  the  MAGIC  System. 

stiffness 

Stress 

Distributed  Loading 
Axial  Thermal  Load 
Incremental  .Stiffness 
Consistent  Mass 
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Referring  to  Figure  11-15,  it  is  seen  that  the  Frame 
Element  is  defined  by  three  node  points  and  that  the  third 
point  determines  the  X  -Y  plane  of  the  element.  This  fact 

is  important  if  distributed  loading  is  present  in  an  analysis. 
The  frame  element  is  provided  with  a  linearly  varying  pressure 
load.  Provision  is  made  for  loading  in  both  the  element  Y 
and  Z  directions.  The  Grid  Point  Pressure  Data  Form  ® 

O 

{Figure  is  provided  for  these  pressure  loadings  if  they 

exist.  On  that  form  provision  is  made  for  three  possible 
input  pressures  per  grid  point,  P^,  Vot  and  P0. 

For  the  Frame  Element,  pressure  (distributed  Loading) 
values  acting  in  the  element  Y  direction  correspond  to  pres- 

o 

sures  designated,  P.^  on  the  Grid  Point  Pressure  Data  Form. 

These  pressure  values  are  input  in  Columns  13-22.  Pressures 
acting  in  the  element  7,  direction  correspond  to  pressure 

designated,  Pg  on  the  Grid  Point  Pressure  Data  Form.  These 

pressures  are  input  in  columns  23-32.  Pressures  are  defined 
as  positive  if  acting  in  the  direction  of  positive  element  Y 
or  Z  directions.  e 

& 

An  axial  thermal  load  vector  is  also  provided  for 
the  Frame  Element.  It  j s  based  on  the  assumption  of  a  uniform 
temperature  over  the  length  of  the  element.  The  latter  being 
the  average  of  the  two  grid  point  temperatures.  The  Grid 
Point  Temperature  Data  Form  (Figure  II-7)  is  provided  for 
these  temperature  values  if  they  exist.  In  that  section  pro¬ 
vision  is  made  for  three  possible  input  temperatures,  T, , 

Tg,  and  T^.  X 

For  the  Frame  Element,  the  node  point  temperatures 
correspond  to  the  temperature  designated  -T^  on  the  Grid  Point 

Temperature  Data  Form.  These  temperature  values  are  input 
in  Columns  13-22  of  that  form. 

The  Element  Control  Data  which  is  required  for  the 
Frame  Element  is  as  follows.  (See  Figure  11-13) 

Element  Number  -  (Cols.  7-10) 

Refer  to  Element  Control  Section. 

Plug  Number  -  (Cols.  11-12) 


The  Frame  Element  is  identified  as  Number  11. 


* 
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Material  Number  -  (Cols.  13-lB) 

Refer  to  Element  Control  Section 
Temperature  Interpolate  Option-(Col.  19) 

If  the  User  exercises  this  option*  the  program 
will  average  the  node  point  temperatures  of  the 
element,  and  use  this  temperature  when  establishing 
material  properties  from  the  material  tape.  The 
Frame  Element  is  defined  by  three  node  points  as 
explained  previously  with  the  third  node  point 
establishing  the  twist  orientation  of  the  element. 
Because  of  this  only  the  first  two  node  points 
will  participate  in  the  temperature  averaging 
process  in  general.  Therefore  a  '2'  is  usually 
entered  for  the  Frame  Element  in  this  column  when 
the  Interpolate  Option  is  being  exercised. 

Material  Temperature  -  (Cols.  20-27) 

Refer  to  Element  Control  Section. 

Repeat  Element  Matrices  -  (Col.  28) 

Refer  to  Element  Control  Section. 

Element  Input  -  (Col.  29) 

The  Frame  Element  always  requires  Element 
Input  therefore  an  'X '  is  always  placed  in  Column 
29  when  a  Frame  Element  is  being  employed. 

The  following  element  input  is  required  when 
using  the  Frame  Element.  (Refer  to  the  Element 
Input  Section  and  the  Sample  Element  Input  Data 
Form,  Figure  11-14).  From  the  form,  it  is  seen 
that  the  Element  Input  Locations  are  labeled 
A,  B,  C,  D,  E,  F  with  each  item  contained  in  a 
ten  column  field. 

The  Element  Input  for  the  Frame  Element 
consists  of  the  following-  information. 

Location  A  -  (Cols,  13-22) 

Cross-Section  Area,  (A) 
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Location  B  -  (Cols.  23-32) 


Area  Moment  of  Inertia,  I  „  which  is  defined 

*  zz 

in  the  following  manner:  (See  Figure  11-15) 

I,,  -  L  ** 

Location  C  -  (Cols.  33-42) 

Area  moment  of  inertia,  I  which  is  defined 

*/  v 

in  the  following  manner:  (See  Figure  11-15) 

Sy'I  z2<3A 

Location  D  -  (Cols.  43-52) 

Torsional  Moment  of  Inertia,  J,  which  for  a 
circular  cross-section  is  equal  to: 

J=  xzz+  *yy 

and  for  a  rectangular  cross-section. 


T 

b  For  a>b 

i 


can  be  approximated  by: 


ab3  1/3  -  0.21  b/a  [  1  -  (l/12}(b%4)]| 
»  / 


For  a  >  b 


155 


i 


Location  E  -  (Cols.  53-62) 


Eccentricity,  ECC  -  An  eccentric  connection  of 
a  finite  element  to  adjacent  elements  is  effec¬ 
ted  by  a  special  type  of  matrix  transformation. 
Eccentricity  of  an  clement  is  specified  through 
the  element  data  and  measured  with  respect  to 
the  element  geometric  axis. 


The  eccentricity  is  defined  as  the  distance 
from  the  neutral  axis  of  the  eccentrically 
placed  frame  element  to  the  connection  line. 
The  eccentricity  is  taken  to  be  positive  when 
the  direction  specified  from  the  eccentric 
element  to  the  connection  line  is  in  the 
positive  local  Y  direction.  (Figure  11-15) 


It  should  be  noted  by  the  User  that  if  Eccen¬ 
tric  Connections  are  not  pertinent  in  an 
analysis  then  this  entry  is  ignored  by  the 
User.  It  should  also  be  noted  that  the  Frame 
Element  degenerates  into  an  Axial  Force  Member 
if  the  only  entry  made  in  the  Element  Input 
Section  is  Location  A.  (Cross-Section  Area). 


Returning  to  the  Element  Control  Data  Section, 
the  list  of  data  items  continues  as  follows; 


Interpolated  Input  Print  -  (Col.  30) 
Element  Matrix  Print  -  (Col.  31) 

Full  Print  -  (Col.  32) 


Refer  to 
Element  Con¬ 
trol  Section 


Number  of  Input  Nodes  -  (Col.  33-3*0 


The  Frame  Element  is  always  defined  by  3  input 
nodes. 


Pressure  Suppression  Option  (Col.  35) 

Refer  to  Element  Control  Section. 

Node  Points  -  (Col.  36-71) 

The  three  node  points  which  define  each  Frame 
Element  are  entered  in  these  locations. 
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b .  Quadrilateral  Shear  Panel  (Ident.  No.  25) 

The  quadrilateral  shear  panel  is  appropriate 
for  representation  of  thin  membranes.  In  order  to  transmit 
diro  t  forces  it  must  be  used  in  combination  with  a  truss 
npp  ■  a.l  ization  of  the  frame  element.  The  shear  panel  element 
r' t  > •>  -entation  is  developed  in  detail  in  Reference  9,  and  is 
::h  a  !n  Figure  II-l6.  The  general  quadrilateral  shape  of 
th-‘  shear  panel  is  defined  by  the  coordinates  of  the  four 
corner  points.  Geometric  definition  is  completed  by  speci¬ 
fication  of  an  effective  uniform  thickness. 

A  pure  shear  stress  state  is  assumed.  Stiffness 
coefficients  are  generated  for  corner  point  displacements 
under  this  pure  shear  assumption. 

A  deformation  behavior  of  the  shear  panel 
discrete  element  is  described  by  the  eight  corner  point 
displacement  degrees  of  freedom  associated  with  the  four 
grid  points  which  it  connects.  Description  of  stress 
behavior  is  accepted  as  the  constant  shear  stress  value. 

The  following  element  matrices  are  provided  for 
the  quadrilateral  shear  panel  in  the  MAGIC  System. 

Stiffness 

Stress 

The  Element  Control  Data  which  is  required  for 
the  Quadrilateral  Shear  Panel  is  as  follows.  (See  Figure 

II-13) 


Element  Number  -  (Cols,  7-10) 

Refer  to  Element  Control  Section 

Plug  Number  -  (Cols,  11-12) 

The  Quadrilateral  Shear  Panel  is  identified 
as  Number  29. 

Material  Number  -  (Cols.  13-18) 

Refer  to  Element  Control  Section 
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Temperature  In terpolate  Option  -  (Col.  19) 


The  Quadrilateral  Shear  Panel  is  designated 
by  4  node  points.  If  the  User  desires  to  exer¬ 
cise  the  Temperature  Interpolate  Option,  and 
average  all  four  (4)  of  the  node  point  tempera¬ 
tures,  an  entry  is  not  made  in  Column  19.  If  the 
User  only  wants  to  use  the  first  n  node  points  in 
the  averaging  process  (n<4)  then  this  number,  n, 
is  entered  and  the  program  will  take  the  first 
n  node  points  entered  in  Columns  35-71  and  use 
these  in  the  averaging  process,  when  determining 
material  properties.  If  the  User  desires  to 
enter  a  Material  Temperature  in  Columns  20-27 
then  a  '1'  is  entered  in  Column  19  which  tells 
the  program  to  use  this  Material  Temperature  when 
establishing  material  properties  from  the  tape. 

Material  Temperature  -  (Cols.  20-27)  'j  Refer  to 

1  dement 

Repeat  Element  Matrices  -  (Cel.  28)  |  Control 

/  Section 

Element  Input  -  (Col.  29) 

The  Quadrilateral  Shear  Panel  always  requires 
Element  Input.  Therefore,  an  ’X1  is  always 
placed  in  Column  29  when  a  Quadrilateral  Shear 
Panel  is  being  employed. 

The  Element  Input  (Figure  II-14)  required 
for  the  Quadrilateral  Shear  Panel  consists  of 
the  following  information: 

Location  A  -  (Cols.  13-22) 

Thickness,  (t) 

The  above  is  the  only  Element  Input  which  is 
required  for  the  Shear  anel. 

Returning  to  the  Element  Control  Data  Section, 
the  list  of  data  items  continues  as  follows: 

Interpolated  Input  Print  -  (Col.  30) 


Refer  to  Element  Control  Section 


Node  Points  -  (Cols.  36-71) 

The  four  node  points  which  define  each 
quadrilateral  Shear  Panel  are  entered  in  the 
first  four  entries  provided  in  the  Node  Point 
Section  of  the  Element  Control  Data  Form. 


c  •  Triangular  Crosi  -Section  Rina  (Ident.  No.  4o) 

The  triangular  cross -section  ring  discrete  element, 
.-.hour  in  1‘ii'ure  r  J -J 7,  is  suitable  for  idealization  of  axisymmetric 
I’oi'-k  waJ.led  .structures  of  arbitrary  profile.  A  detailed 
development  of  the  element  representation  is  presented  in 
deference  10. 

Tiie  ring  element  representation  is  written  with  respect 
to  i  indrieal  coordinate  axes.  The  configuration  of  the  element 
is  ‘omrlctei  •/  defined  by  specifying  radial  and  axial  coordinates 
o''  ' :  e  ,»ruer  points  . 

Cylindrical  anisotropy  is  provided  for  in  the 
mechanical  and  physical  material  properties  of  the  ring  element, 
irientation  of  orthotropic  axes  in  the  (r,  z)  plane  is  data 
specified. 


The  element  designation  "ring"  implies  an  axi- 
symmetric  geometric  configuration.  Tt  has  been  further  tacitly 
assumed  that  the  applied  loading  is  axisymmetric;  it  follows,  as 
a  consequence,  that  the  displacement  behavior  is  also. 

A  three  dimensional  axisymmetric  stress  state  is 
assumed.  Linear  Polynomial  functions  are  employed  for  displacement 
mode  shapes  leading  to  constant  element  strain  and  stress  states. 

Element  field  loads  are  assumed  constant  over  the 
cross-section.  A  linearly  varying  boundary  pressure  is  included. 

Deformation  behavior  of  the  ring  element  is 
described  by  the  six  displacement  degrees  of  freedom  associated 
with  the  three  grid  points  which  it  connects.  The  predicted 
element  stress  behavior  is  constant  over  the  triangular  cross- 
section.  Radial,  circumferential,  and  axial  stresses  are 
predicted. 


The  Triangular  Ring  is  numbered  in  the  following 
manner.  Referring  to  Figure  11-17,  the  element  is  numbered  in 
a  counter-clockwise  manner  when  looking  in  the  positive  element 
Y  (9)  direction. 

The  following  element  matrices  are  provided  for  the 
Triangular  Cross-Section  Ring  in  the  MAGIC  System. 

Stiffness 

Stress 

Thermal  Load 

Distributed  Loading  (Pressure) 

Consistent  Mass 


The  Trisingular  Cross-Section  Ring  Element  is 
provided  with  a  linearly  varying  pressure  load.  The  pressure 
is  defined  as  positive  when  acting  into  the  element  (Figure 
11-17).  Provision  is  made  for  pressure  loading  on  only  one 
side  of  the  element.  This  side  of  the  element  is  always 
defined  by  the  first  two  node  point  numbers  which  are  called 
out  in  the  Node  Point  locations  of  the  Element  Input  Section. 

The  Grid  Point  Pressure  Data  Form  (Figure  I.I-6) 
is  provided  for  entering  these  pressure  loadings  if  they 
exist.  For  the  Triangular  Ring  Element,  the  input  pressures 
correspond  to  pressures  designated,  P.  on  the  Grid  Point 
Pressure  Data  Form.  These  pi’essure  values  are  input  in 
Columns  1^-22  of  that  Form. 

A  constant  pre strain  load  vector  is  inciuded  in 
this  clement  representation  to  accommodate  thermal  loading. 

The  Grid  Point  Temperature  Data  Form  (Figure  II-7)  is  pro¬ 
vided  to  input  node  point  temperatures  if  thermal  loading  is 
present.  For  the  Triangular  Ring  Element,  the  node  point 
temperatures  correspond  to  the  temperature  designated  T]_  on 
the  Grid  Point  Temperature  Data  Form.  These  temperatur-e 
values  are  input  in  Columns  13-22  of  that  Form. 

The  Element  Control  Data  which  is  required  for 
the  Triangular  Ring  Element  is  as  follows:  (See  Figure  11-13). 

Element  Number  -  (Cols.  7-10) 

Refer  to  Element  Control  Section 

Plug  Number  -  (Cols.  11-12) 

The  Triangular  Cross-Sectior.  Ring  Element 
is  identified  as  Number  40. 

Material  Number  -  (Cols.  13-18) 

Refer  to  Element  Control  Section 

Temperature  Interpolate  Option  -  (Col.  19) 

The  Triangular  Ring  Element  is  designated 
by  3  node  points.  If  the  User  desires  to 
exercise  the  Temperature  Interpolate  Option 
and  average  all  three  (3)  of  the  node  point 
temperatures,  an  entry  is  not  made  in  Column  19. 

If  the  User  desires  to  enter  a  material  tempera¬ 
ture  in  Cols.  20-27,  a  '1’  is  entered  in 
Column  19. 


Material  Temperature  -  (Cols.  20-27) 
Refer  to  Element  Control  flection 
Repeat  Element  Matrices  -  (Col.  28) 
Refer  to  Element  Control  Section 


Element  Input  -  (Col.  29] 


The  Triangular  Cross-Section  Ring  Element 
only  requires  Element  Input  under  certain 
special  conditions  as  follows:  Referring  to 
Figure  11-17,  it  is  seen  that  there  is  a 
possibility  that  in  some  cases  the  material 
axis,  and  element  geometric  axis  of  the  element 
will  not  coincide.  If  ■'•his  is  the  case  the 
Element  Input  (Figure  II-l4)  required  for  the 
Triangular  Cross-Section  Ring  consists  of  the 
following. 


Loc at ion  A  -  (Cols.  13-22) 

Material  Axes  Angle  (Gamma  -  ^ mg) 

Since  the  Triangular  Cross-Section  Ring 
Element  is  written  to  accommodate  anisotropy 
of  mechanical  and  physical  properties,  pro¬ 
vision  is  made  in  the  program  for  differences 
in  orientation  of  material  and  element  geor 
metric  axes  for  an  element.  The  User  inputs 
the  angle  between  the  element  :material  axis 
(Xm)  and  the  element  geometric  axis  (Xg) . 

The  angle  gamma  (Y  )  is  input  in 

degrees  and  is  considered  positive  when 
measured  from  the  material  axes  to  the 
element  geometric  axes,  in  a  couhter-r clock¬ 
wise  direction  (Figure  11-17")  • 


Remember 

Element  Input  is  not  required  for  the 
Triangular  Ring  if  the  material  and  geometric 
axes  coincide,  -i.e.,  =  0. 
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Returning  to  the  Element  Control  Data  S? ■ cion, 
the  list  of  data  items  continues  as  follows: 

Interpolated  Input  Print  -  (Col.  30) 

Element  Matrix  Print  -  (Col.  31) 

Full  Print  (Col.  32) 

Number  of  Input  Nodes  (Cols.  33-3^) 

The  Triangular  Cross-Section  Ring  Element 
is  always  defined  by  3  input  nodes. 

Pressure  Suppression  Option  (Col.  35) 

Refer  to  Element  Control  Section. 

Node  Points  -  (Cols.  36-71) 

The  three  node  points  which  define  each 
Triangular  Ring  are  entered  in  the  first  three 
entries  provided  in  the  Node  Point  Section  of 
the  Element  Control  Data  Form. 


Refer  to 
Element 
Control 
Section 
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d.  ToroLdal  Thin.  Shell  Ring  (Ident.  No.  30) 

The  toroidal  thin  shell  element  is  recommended 
for  the  idealization  o.f  axisymmetric  structures  of  arbitrary 
profile.  Performance  of  the  toroidal  ring  element  is  out¬ 
standing  relative  to  the  v/ell  known  conic  ring.  The  toroidal 
thin  shell  ring  element  representation  is  developed  in  detail 
in  Reference  11,  and  is  shov/n  in  Figure  II-18.  The  toroidal 
thin  shell  ring  discrete  element  is  written  with  respect  to 
a  toroidal  coordinate  system.  In  general,  the  cross-section 
of  the  toroidal  segment  is  circular.  Specialization  to  conic 
and  cylindrical  shapes  is  automatically  accounted  for  in  the 
MAGIC  System.  The  geometric  shape  of  the  element  is  specified 
by  the  coo* ..  ..nates  and  surface  orientation  at  its  edge  grid 
rings.  The  thickness  of  the  element  is  assumed  constant. 

The  subject  element  is  written  to  accommodate 
orthotropic  materials.  Axes  of  orthotropy  are  assumed  to 
coincide  with  the  principal  axes  of  the  element.  Material 
properties  are  taken  to  be  constant  ‘throughout  the  element. 

The  temperature  of  reference  is  the  average  of  the  data  speci¬ 
fied  element  node  point  temperatures. 

The  mathematical  model  for  the  toroidal  ring 
embodies  coupled  representation  of  membrane  and  flexure 
action.  A  state  of  plane  stress  is  assumed  in  formulating 
the  continuum  mechanics  model.  Discretization  is  effected 
by  the  construction  of  assumed  modes  for  displacement  and 
applied  loading  functions. 

An  osculatory  axisymmetric  polynomial  interpola¬ 
tion  is  taken  to  represent  membrane  displacement  within  the 
element.  Transverse  displacement  is  represented  by  a  hyper- 
osculatory  interpolation  function.  Applied  loadings  are 
assumed  to  be  constant  over  the  element. 

Deformation  behavior  of  the  toroidal  ring  element 
is  described  by  the  ten  displacement  degrees  of  freedom 
associated' with  the  two  grid  rings  which  it  connects.  These 
degrees  of  freedom  provide  for  a' relatively,  high  order  of 
variation  within  the  element.  In  virtue  of  this,  stress 
resultants  are  exhibited  at  the  two  boundary  rings  and  at 
the  midspan  of  the  element.  The  toroidal  axes  provide  the 
frame  of  reference. 
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The  following  element  matrices  are  provided 
for  the  Toroidal  Thin  Shell  Ring  in  the  MAGIC  System. 

Stiffness 
Stress 
Thermal  Load 

Distributed  Loading  (Pressure) 

Consistent  Mass 


The  Toroidal  Ring  Element  is  provided  with  a 
linearly  varying  pressure  load. 

Provision  is  made  for  pressure  acting  normal  to 
the  element.  The  Grid  Point  Pressure  Data  Form  (Figure  II-6) 
is  provided  to  accept  pressure  loadings  if  they  exist.  On 
that  Foi’m  provision  is  made  for  three  possible  input  pres¬ 
sures  per  grid  point,  P^  Pg,  and  Py 

For  the  Toroidal  Ring  Element,  pressure  values 
correspond  to  pi’essures  designated  P,  on  the  Grid  Point 
Pressure  Data  Form.  These  pressure  1  values  are  input  in 
Columns  13-22.  Pressures  are  defined  as  positive  if  acting 
in  the  posit;ve  local  element  Z  direction  (see  Figure  II- lo). 

A  membrane  thermal  load  matrix  is  also  provided 
for  the  Toroidal  Ring  Element.  The  Grid  Point  Temperature 
Data  Form  (Figure  II-7)  is  provided  for  the  temperature  values 
if  they  exist.  In  that  section  provision  is  made  for  three 
possible  input  temperatures,  T-^,  Tg,  and  T^. 

For  the  Toroidal  Ring  Element,  the  node  point 
temperatures  correspond  to  the  temperatures  designated  T, 
arid  Tg  on  the  Grid  Point  Temperature.  Data  Form.  For  • 
each  gridpoint,  the  temperature  designated  as  T^  corresponds 

to  the  inner  temperature  at  node  point  (1)  and  is  input  in 
columns  13-22.  The  temperature  designated  as  Tg  corresponds 

to  the  outer  temperature  at  node  point  (l)'  and  is  input  in 
columns  23-32  of  the  Grid  Point  Temperature  Data  Form.  The 
program  then  averages  the  inner  and  outer  temperatures  given 
for  each  node  point  and  uses  this  temperature  as  the 
representative  node  point  temperature. 

The  input  procedure  for  the  Boundary  Condition 
Section  when  using  the  Toroidal  Ring  merits  special  comment 
at  this  time.  Figure  11-19  shows  a  typical  Boundary  Condition 
Input  Form.  For  the  Toroidal  Ring  Element,  the  Boundary  Con¬ 
dition  Input  requires  three  extra  fields  giving  a  total  of 
nine  (9).  It  is  important  to  note,  however;  that  only  five 
(5)  of  these  degrees  of  freedom  exist  as  shown  in  the  figure. 
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The  first  six  degrees  of  freedom  may  be 
considered  as  the  degrees  of  freedom  which  are  -considered 
in  the  normal  manner.  These-  six  degrees  of  freedom  may  be 
based  on  Global  coordinates  or  on  element  system  coordinates. 
In  the  element  system,  X(5)  is  tangential  and  positive  in 
the  direction  from  element  point  (1)  to  element  point  (2) 
ar.d  Z  is  normal  to  the  element,  with  positive  Z  being  defined 
as  though  the  Global  system  were  rotated  about  the  Y(0)  axis 
so  as  to  align  with  the  element  X(£)  axis  (see  Figure 
11-18).  In  order  to  invoke  the  element  axis  option  for  the 
Toroidal  Ring,  a  special  code  is  employed  which  is  described 
subsequently . 


The  remaining  degrees  of  freedom  (u'  and  w") 
are  always  referenced  to  the  element  system.  Physically  u*  . 
is  difficult  to  define  but  can  be  thought  of  as  the  rate  of 
cw.ange  of  arc  length  (at  symmetric  boundaries,  u'  =0, 
otherwise  u'  =1;)  w"  is  the  curvature  defined  in  the 
element  system  at  the  point  in  question.  Restraint  (w"  =  0), 
implies  that  the  curvature  is  zero.  No  restraint  (w"  =  1) 
implies  that  the  curvature  is  permitted  to  change.  In 
general,  it  is  recommended  that  w"  *  1  except  at  symmetric 
or  rigidly  fixed  boundaries  where  w"  =  0. 

The  Element  Control  Data  which  is  required  for 
the  Toroidal  Thin  Shell  Ring  Element  is  as  follows  (see 
Figure  11-13). 

Element  Number  -  (Cols.  7-iQ) 

Refer  to  Element  Control  Section 

Plug  Number  -  (Cols.  11-12) 

The  Toroidal  Ring  is  Identified  as 
Number  30. 

Material  Number  -  (Cols.  13-18) 

Refer  to  Element  Control  Section 

Temperature  Interpolate  Option  -  (Col.  19) 

The  Toroidal  Ring  is  -esignated  by  2  node 
points.  If'  the  User  desires  to  exercise  the 
Temperature  Interpolate  Option  a  *1'  is 
entered  in  Column  IS; 
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<  , 


Material  Temperature  -  (Cols.  20-27) 
Refer  to  Element  Control  Section 


Repeat  Element  Matrices  -  (Col.  28) 


Refer  to  Element  Control  Section 


Element  Input  -  (Col.  29) 

The  Toroidal  Ring  Element  always  requires 
Element  Input,  therefore  an  'X’  is  always 
placed  in  column  29  when  a  Toroidal  Ring 
Element  is  being1  employed. 


The  following  element  Input  is  required 
when  using  the  Toroidal  Ring  Element  (refer 
to  Element  Input  Section).  Prom  the  pre¬ 
labeled  input  data  form  it  is  seen  that  the 
Element  Input  locations  are  labeled  A,  'B,  C, 
D,  E,  F  with  each  item  contained  in  a  ten 
column  field. 


The  Element  Input  for  the  Toroidal  Ring 
consists  of  the  following  information. 


Element  Thickness  (t) 

Location  B;  -  (Cols.  23-32) 

TC0  -  This  is  a  control  input  which  changes 
the  axis  of  reference  from  Global 
to  element.. 


Location  A  -  (Cols.  13-22) 


(a)  Global  -  (TC0  =  0.0) 

If  the  User  desires  to  have  the  dis¬ 
placement  behavior  referenced  to  the 
Global  system  of  reference,  then  the 
code  0.0  is  entered  in  this  location. 
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(b)  Element  -  (TC0  =  -1.0) 

If  the  User  desires  to  have  the  dis¬ 
placement  behavior  referenced  to  the 
element  system  (normal  and  tangential 
at  point  in  question)  then  the  code 
-1.0  j-j  entered  in  this  location.  If 
the  code  -1.0  is  used,  then  External 
Loads  (if  any  exist)  must  be  entered 
in  the  element  system  of  reference. 
Provision  is  made  for  these  External 
Loads  on  the  External  Grid  Point  Leads 
Data  Form  (Figure  11-12). 

It  is  important  to  note  that  all  elements 
must  be  referenced  to  the  same  system,  i.e.,  in 
any  analysis  which  involves  Toroidal  Rings  either 
the  Global  or  element  system  must  be  used  exclu¬ 
sively,  as  a  frame  of  reference.  There  can  be 
no  mixing  of  the  systems. 

Location  C  -  (Cols.  33-^2) 

Alpha  1  -  (o(,)  -  Referring  to  the  sketch* 

o<  is. defined  as  the  angle  measured  in 
degrees  from  the  axis  of  symmetry  to  a  line 
which  is  perpendicular  to  the  tangent  to 
the  surface  at  node  point  © 
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Alpha  2  -  (o<£)  -  Referring  to  the  sketch, 

0^2  i-s  defined  as  the  angle  measured  in 

degrees  from  the  axis  of  symmetry  to  a 
line  which  is  peroendicular  to  the  tangent 
to  the  surface  at  node  point  (g)  , 


Note_that  for  Conic  Ring  idealizations, 
<*l=c*2 

The  above  is  the  required  Element  Input 
for  the  Toroidal  Ring.  P 


list 


Returning  to  the 
of  data  items  continues 


Element  Control  Data  Section, 
as  follows : 


the 


interpolated  Input  Print  -  (Col.  30) 
Element  Matrix  Print  -  (Col.  31) 

Full  Print  -  ( Col.  32) 

Number  of  Input  Nodes  -  (Cols.  33-34) 

.  *,Th!  ?or2idal  Shell  Element  ii 
defined  by  2  node  points . 


Refer  to 
Element 
Control 
Section 


always 


Pressure  Suppression  Option  fcol.  35V: 

Refer  to  Element  Control  Section. 
Node  Points  -  (Cols.  36-71) 


xne  two  node  points  which  define  each 


Toroidal  Thin.  Shell 
in  these  locations. 


Ring  Element  are  entered 


BOUNDARY  CONDITIONS 


INPUT  CODE  •  0  •  No  Displacement  Allowed 

1  ■  Unknown  Displacement 

2  ■  Known  Displacement 


Figure  11-19  BOUNDARY  CONDITION  INPUT  FOR  TOROIDAL  RING 
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e.  Quadrilateral  Thin  Shell  (Ident.  Ho.  21) 

The  quadrilateral  thin  shell  element  is  recom¬ 
mended  for  use  as  the  basic  building  block  for  membranes, 
plates,  and  shells.  The  triangular  thin  shell  element  is  a 
compatible  companion  element  useful  in  regions  of  irregular¬ 
ity  and  prominent  double  curvature.  The  quadrilateral  thin 
shell  element  representation  is  developed  in  detail  in 
Reference  12  and  is  shown  in  Figure  11-20. 

The  shape  of  the  general  quadrilateral  element 
is  defined  by  the  coordinates  of  the  four  corner  points.  It 
is  a  zero  curvature  element.  The  plane  of  the  element  is 
determined  by  its  first  three  corner  point  coordinates. 

The  subject  element  is  a  thin  shell  element  in 
that  both  membrane  and  flexure  action  are  represented. 
Referenced  to  axes  in  the  plane  of  the  element,  the  membrane 
and  flexure  representations  are  uncoupled.'  Optional  genera¬ 
tion  of  either  or  both  of  the  representations  is  controlled 
by  the  provision  of  associated  effective  thicknesses;  The 
distinct  membrane  and  flexure  effective  thicknesses  are 
assumed  constant  over  the  plane  of  the  element. 

Under  normal  circumstances,  four  corner  points 
and  four  midside  points  participate  in-  establishing  continu¬ 
ous  connection  pf  the  quadrilateral  thin  shell  element  with 
adjacent  elements.  Used  in  this  way  Input;  data  volume  is 
reduced  arid  accuracy  is  enhanced.  Ah  option-  is.  provided  to 
suppress  the  midside,  nodes  individually  if  associated  Com¬ 
plexities  arise-,  in  grid ^refinement  of  hohstandard  connections 
with  adjacent  elements.  Invoking  this  suppression  option 
causes  linear  variation  to  be  imposed  on  the  specified 
midside  variables.  ,, 

The  quadrilateral  thin  .shell  element,  is 
written  to,  .accommodate  anisotropy  of  mechanical  and  physical 
material  properties.  'Orientation  of  material  axes  is  data 
specified.  Temperature,  referenced  material  properties, 
selected  from  the.  materials  library,  are  assumed  constant 
over  the  element. 

A  linear  generalized  Hooke 1 s  law  is  employed 
for  the  equations  of  state.  Three  options  are  provided; 
namely,  conventional  plane  stress,  corrected  plane  stress, 
and  . restricted  plane  strain. 


The  element  formulation  is  discretized  by  the 
••on struct ion  of  mode  shapes.  Membrane  displacements  within 
the  subject  element  are  approximated  by  quadratic  polynomials. 
Transverse  displacement  is  represented  by  cubic  polynomials. 

A  linear  variation  is  provided  for  midplane  and  gradient 
variations  in  thermal  loading.  Other  element  loadings  such 
as  pressure  are  assumed  constant  over  the  element.  Deforma¬ 
tion  behavior  of  the  quadrilateral  thin  shell  element  is 
described  by  the  displacement  degrees  of  freedom  associated 
with  the  gridpoints  which  it  connects. 

The  variation  in  strain  within  the  element  which 
is  permitted  by  the  assumed  displacement  functions  leads  to 
similar  stress  variation.  Advantage  is  taken  of  this  by 
exhibiting  predicted  stress  resultants  at  the  four  corners 
as  well  as  at  the  center  of  the  element.  Inplane  and  normal 
direct,  shear,  and  bending  stress  resultants  are  included. 

The  display  of  stresses  implies  a  set  of  axes  of  reference. 
These  axes  are  data  specified. 

The  following  element  matrices  are  provided  for 
the  Quadrilateral  Thin  Shell  Element  in  the  MAGIC  System. 

Stiffness 

Stress 

loermal  Load 

Distributed  Loading  (Pressure) 

Mass 


Referring  to  Figure  11-20,  it  is  seen  that  in 
general  the  Quadrilateral  Thin  Shell  Element  is  defined  by 
eight  node  points,  •mere  is  an  option  in  the  program,  how¬ 
ever,  which  allows  the  User  to  suppress  the  midside  node 
points  individually  if  desired,. 

When  defining  the  element,  the  first  four node 
points  determine  the  corner  points  of  the  element.  The  mid¬ 
side  nodes  are  then  numbered  with  the  first  entry  being  that 
midside  node-  rh ich  falls  between  the  first  two  corner  points. 
Referrring  +  j  the  figure,,  the  element  wqula  be  numbered  as 
follows : 

1,  2,  3.  4,  5,  6,  7/8 

If  it  were  desired  to  suppress  raid-side  node  #6,  the  element 
would  be  numbered  in  the  following  manner  (based  on  Figure 
11-20). 

1,  2,  3,  -  4,  5,'  0,  7,  8 
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This  suppression  causes  linear  variation  to 
be  imposed  on  the  specified  midside  variables. 

The  element  geometric  axes  (Xg,  Y  ,  Figure 

ri-20)  have  their  origin  at  the  intersection  of  the  diagonals 
of  the  quadrilateral  thin  shell  element.  The  positive  direc¬ 
tion  of  the  Xr  axis  of  the  element  is  defined  by  the  line 

which  connects  the  origin  of  the  (Xg,  Yg)  axis  to  node  point® 

of  the  element  as  shown  in  the  figure.  The  (Xg—  Y  )  plane  of 

the  element  is  determined  by  the  first  three  corner  point 
coordinates.  A  material  axes  (X  ,  Y  )  is  also  provided  for 

this  element.  The  angle  (^  )  between  the  material  and 

element  geometric  axes  is  considered  pos?.tive  wher  measured 

in  a  counter-clockwise  direction  from  X  to  X  . 

m  g 

With  respect  to  the  element  geometric  axes,  the 
corner  grid  points  include  the  degrees  of  freedom  u,  v,  w, 

©x  and  &  .  A  reduced  set  of  degrees  of  freedom  is  associated 

with  the  midside  grid  points;  namely,  u,  v  and  ©  (normal 

slope).  In  general,  transformation  to  global  or  grid  point 

axes  reference  systems  tends  to  fill  these  sets  of  degrees 

of  freedom  to  u,  v,  w,  ©  ,  6  ,  ©  for  the  corner  grid  points 

x  y  z 

and  to  u,  v,  w,  ©n,  0,  0  (0fi  is  not  transformed)  for  the 

midside  grid  points.  It  is  for  the  Analyst  to  decide,  of 
course,  whether  or  not  these  additional  terms  lead  to  bona- 
fide  degrees  of  freedom  in  the  assembled  structure.  The 
User  should  also  note  that  on  the  Boundary  Condition  Data 
Form  (Figure  11-10).  Whenever  ©n  (e^ormai)'  is  being 

considered,  then  the  -proper  input  code  (either  0,  1,  or  2) 
is  always  entered  in  the  location  which  is* normally 
reserved  for  the  ©x  entry  (Column  1 6), 

The  Grid  Point  Coordinate  Data  Form  (Figure 
II-5)  is  provided  for  input  of  the  coordinates  which  define 
the  elements,/  Grid  point  coordinates  for  midside  nodes 
are  not  necessary  inpi t  since  the  program  calculates  these' 
coordinates  automatically. 
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The  Quadrilateral  Thin  Shell  Element  is  provided 
with  a  constant  normal  pressure  load.  The  Grid  Point  Pressure 
Data  Form  (Figure  II-6)  is  provided  for  this  pressure  loading 
if  .it  exists.  On  that  form  provision  is  made  for  three  pos¬ 
sible  input  pressures  per  grid  point,  P^,  Pg,  and  P^. 

For  the  Quadrilateral  Thin  Shell  Element  the 
input  pressures  correspond  to  pressures  designated  P^  on  the 

Grid  Point  Pressure  Data  Form.  These  pressure  values  are 
input  in  Columns  13-22.  The  pressure  is  defined  as  positive 

when  acting  in  the  direction  of  positive  element  Z  direction. 

s 

A  linear  variation  is  provided  for  midplane  and 
gradient  variations  in  thermal  loading.  The  Grid  Point  Tem¬ 
perature  Data  Form  (Figure  II-7)  is  provided  to  input  node 
point  temperatures  and/or  temperature  gradients.  For  the 
Quadrilateral  Thin  Shell  Element,  the  midplane  node  point 
temperatures  correspond  to  the  temperature  designated  T,  on 

the  Grid  Point  Temperature  Data  Form.  These  temperature 
values  are  input  in  Columns  13-22  of  that  Form. 

Provision  for  a  temperature  gradient  through  the 
thickness  of  the  Quadrilateral  Thin  Shell  is  also  provided. 
This  gradient  is  defined  as  positive  when  the  temperature  is 
increasing  through  the  thickness  in  the  positive  element  Z 
direction,  if  temperature  gradients  through  tne  thickness6 
are  present,  the  value,  of  the  gradient  at  each  grid;  point  is 
entered  in  the  location  set  aside  for  the  quantity,  Tg  (Cols. 

23-32)  on  the  Grid  Point  Temperature  Data  Form.  The  gradient 
is  entered  in  the  following  manner. 

T  - 

l2  ~  t 

where 

.  AT  =  Change  in  temperature  through  the 

thickness  of  the  element 

* 

t  =  Thickness  of  element 

Note  that  the  sign  of  Tg  depends  upon  the  direction  of  the 
gradient  as  pointed  out  above. 

The  Element  Control  Data  which  is  required  for 
the  Quadrilateral  Thin  Shell  Element  is  as  follows.  (See 
Figure  11-13). 
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Element  Number  -  (Coir,,  7-10) 

Refer  to  Element  Control  Section 

Plug  Number  -  (Col.  11-12) 

The  Quadrilateral  Thin  Shell  Element  is 
identified  as  Number  21. 

Male  rial  Number  -  (Cols.  13-1,8) 

Refer  to  Element  Control  Section 


Temperature  Interpolate  Option  -  (Col.  19) 

If  the  User  exerciser,  this  option  by  not 
making  an  entry  in  Column  19,  the  program  will 
average  the  eight  node  point  temperatures  of  the 
element  and  use  this  average  temperature  v/he.n 
establishing  material  properties  from  the  material 
tape.  This  means  that  temperatures  for  all  eight 
node  points  (including  the  mid- side  nodes)  must 
be  entered  on  the  Grid  Point  Temperature  Data  Form 
(Figure  II-7).  If  the  User  wishes  to  employ  a 
specified  number  of  node  points,  n,  in  the 
averaging  process  (n<8)  then  this  number  is 
entered  in  Column  19  and  the  first  n  node  points 
entered  in  Columns  36-71  will  be  used  for  the 
averaging  process.  If  a  '1'  is  entered  in  this 
location  the  program  will  use  the  Material  Tempera¬ 
ture  entered  in  Columns  20-27  when  establishing 
material  properties  .from  the  material  tape. 


Material  Temperature  -  (Cols.  20-27) 
Repeat  Element  Matrices  -  (Col.  28) 
Element  Input  -  (Col.  29) 


Refer  to 
Element 
Control 
Section 


The  Quadrilateral  Thin  Shell  Element  always 
requires  Element  Input  thei’efore  an  ’X*  is  always 
placed  in  Column  2-9  when  a  Quadrilateral  Thin 
Shell  Element  is  being  employed. 

The  following  Element  Input  is  required  when 
using  the  Quadrilateral  Thin  Shell  Element  (Refer 
to  the  Element  Input  Section).  From  the  Element 
Input  Data  Form  it  is  seen  that  the  Element  Input 
Locations  are  labeled  A,  B,  C,  D,  E,  F,  with  each 
item  contained  in  a  ten  column  field. 
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Location  A  -  (Cols.  13-22) 


Membrane  Thickness  (t  )  - 

v  m' 

For  tiie  Quadrilateral  Thin  Shell  Element, 
both  membrane  and  flexural  action  are  re¬ 
presented.  Optional  generation  of  either 
or  both  representations  is  controlled  by 
the  provision  of  associated  membrane  and 
flexure  thickness.  If  the  User  desires  to 
do  a  membrane  problem,  the  membrane  thick¬ 
ness  is  input.  If  membrane  behavior  is  not 
to  be  considered,  the  associated  membrane 
thickness  is  not  input.  Note  also  that  mass 
generation  is  based  on  the  element  membrane 

Location  B  -  (Cols.  23-32) 

Flexural  Thickness  -  (t^)  - 

If  the  User  desires  to  do  a  flexure  problem, 
the  effective  flexure  thickness  must  be 
entered.  Omission  of  this  thickness  degen¬ 
erates  the  problem  into  one  of  pure  membrane 
behavior.  Since  flexure  and  membrane  behav¬ 
ior  are  uncoupled  both  can  be  run  consecu¬ 
tively  if  desired. 

Location  C  -  (Cols..  33-42) 

Material  Axes  Angle  -  (Gamma)  - 

Since  the  Quadrilateral  Thin  Shell  Element 
is  written  to  accommodate  anisotropy  of 
mechanical  and  physical  properties,  provi¬ 
sion  is  made  in  the  program  for  differences 
in  orientation  of  material  and  element  geo¬ 
metric  axes  for  an  element.  The  User  in¬ 
puts  the  angle  bt-eween  the  material  axis 
(X^)  and  the  element  gepmetric  axis  (Xg) 

with  this  angle  being  measured  in  a  counter¬ 
clockwise  direction  from  the  material  axis 
(Xm)  to  the  element  geometric  axis  (Xg). 

This  angle  (  )  is  input  in  degrees'. 

Location  D  -  (Cols.  43-52) 

Types  of  Solution: 


matrix 
thickness . 
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(a)  Corrected  Plane  Stress  (Code  0.0)  - 
The  corrected  plane  stress  solution  is 
one  in  which  the  stress  in  the  out  of 
plane  direction  (<r  )  is  set  equal  to 

zero  but  the  full  material  properties 
matrix  is  used.  That  is,  the  effect  of 
transverse  properties  on  the  in-plane 
stresses  are  included.  Such  effects 
are  negligible  for  most  practical 
materials. 

(b)  Restricted  Plane  Strain  (Code  1.0)  - 

The  restricted  plane  strain  solution  is 
one  in  which  the  strain  in  the  out  of 
plane  direction  (6  ),  is  set  equal  to 

zero. 

(c)  Conventional  Plane  Stress  (Code  2.0)  - 
The  conventional  plane  stress  solution 
is  one  in  which  the  stress  in  the  out 
of  plane  direction  (0*2)>  is  set  equal 

to  zero  and  the  effect  of  transverse 
properties  on  the  in-plane  stresses 
are  not  included. 

Location  E  -  (Cols.  33-62) 

Eccentricity  (ECC)  - 

The  eccentricity  i s  defined  as  the  distance 
measured  from  the  neutral  axis  of  the  ec¬ 
centrically  placed  element  to  the  midplane 
of  the  reference  element.  The-  sign  of  the 
eccentricity  is  taken  to  be  positive  when 
the  direction  specified  from  the  eccentric 
element  to  the  reference  element  is  in  the 
positive  local  element  direction. 

The  above  is  the  Element  Input  required  for  the 
Quadrilateral  Thin  Shell  Element.  Returning  to  the  Element 
Control  Data  Section,  tbe  list  of  data  items  continues  as 
follows: 

Interpolated  input  Print  -  (Col.  30) 

- £ - - £ - - - i - •'  Refer  to 

Element  Matrix  Print  -  (Col.  31)  Element 

- s - 1  /  control 

Full  Print  -  (Col.  3g)  Section 


l8l 
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Number  of  Input  Nodes  -  (Cols.  33-34) 

The  Quadrilateral  Thin  Shell  Element  is 
always  defined  by  8  input  nodes. 

Pressure  Suppression  Option  (Col.  35) 

Refer  to  Element  Control  Section. 

Node  Points  -  (Cols.  36-71) 

In  general  the  Quadrilateral  Thin  Shell 
Element  is  defined  by  8  node  points.  The  User, 
however,  has  the  option  tc  suppress  the  mid¬ 
side  nodes  individually  if  desired.  Referring  - 
to  Figure  11-13,  it  is  seen  that  12  locations 
are  set  aside  for  node  point  entries.  The 
first  8  locations  are  set  aside  for  the  four 
corner  points  and  four  mid-side  nodes 
respectively. 

Locations  9  and  10  -  (Cols.  60-65), 

Most  finite  elements  accommodate  ani¬ 
sotropic  materials.  Axes  of  reference  must 
be  specified  for  material  properties.  This 
is  accomplished  thrbugh  specification  as 
element  data,  of  coordinate  points  defining 
the  material  axes.  These  axes  are  defined  by 
inputting  the  applicable  set  of  coordinates 
in  these,  location's.  dfcese.  coordinates  define 
the  X  axis  for  materia!,  property  definition. 
This  device  n:ay  also  be  used  effectively  to 
define  stress  output  direction  arid  the  same 
two  points  used  for  the  reference  element  cari 
be  used  for  each  following  element  so  that 
the  output  has  a  common  reference. 

Locations  11  and  12- (Cols.  66-71 ) 

A  specification  of  stress  values  implies 
a  set  of  reference  axes.  The  axes  of  refer¬ 
ence,  are  determined  with  the  provision  of 
an  element  stress  matrix.  Frequently  axes 
of  reference  convenient  for  formulation  are 
not  convenient  for  interpretation  of  stresses. 
The  problem  is  resolved  by  data  specifica¬ 
tion  of  stress  axes.  This  is  accomplished 
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through  specification  as  element  data,  of 
coordinate  points  which  define  the  direction 
of  the  (X)  stress  axis.  With  this  definition 
the  stresses  in  the  other  directions  retain 
their  proper  orientation  with  respect  to  this 
axis. 

The  stress  axis  determination  is  element 
related  and  therefore  if  locations  11  and  12 
are  used  for  stress  directions,  then  each 
element  must  bo  considered  separately  and  node 
points  related  to  that  particular  element  are 
used  in  determining  stress  direction. 

REMEMBER: 

(a)  If  all  four  mid-side  nodes  were  suppres¬ 
sed  only  the  first  four  locations  would 
be  needed.  If  mid-side  nodes  are 
suppressed  individuklly  then  zeros  are 
input  in  the  location  pertaining  to 
that  particular  point. 

(b)  The  stress  axis  determination  is  element 
related  and  therefore  if  locations  11 
and  li  are  used  for  stress  directions, 
then  each  element  must  be  considered 
separately  and  node  points  related  to 
that  particular  element  are  used  in 
determining  stress  direction. 
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f.  Triangular  Thin  Shell  (Idenfc.  No.  20) 

The  Triangular  thin  shell  element  is  recommended 
Tor  use  as  the  basic  building  block  for  most  doubly  curved 
shells.  Additionally,  it  is  useful  in  combination  with  the 
quadrilateral  thin  shell  element  for  dealing  with  irregular 
.geometries  of  all  membrane,  plate,  and  shell  structures.  The 
triangular  thin  shell  element  representation  is  developed  in 
uotaii  in  'deference  13,  and  is  shown  in  Figure  11-21. 

The  shape  of  the  general  triangular  element  is 
defined  by  the  coordinates  of  the  three  corner  points.  It 
is  a  zero  curvature  element.  The  plane  of  the  element  is 
determined  by  the  three  cornerpoint  coordinates. 

The  subject  element  is  a  thin  shell  element  in 
that  both  membrane  and  flexure  action  are  represented. 
Referenced  to  axes  in  the  plane  of  the  element,  the  membrane 
and  flexure  representations  are  uncoupled.  Optional  genera¬ 
tion  of  either  or  both  of  the  representations  is  controlled 
by  the  provision  of  associated  effective  thicknesses.  The 
distinct  membrane  and  flexure  effective  thicknesses  are 
assumed  constant  over  the  plane  of  the  element. 

Under  normal  circumstances,  three  corner  points 
and  three  midside  points  participate  in  establishing  contin¬ 
uous  connection  of  the  triangular  thin  shell  element  with 
adjacent  elements.  Used  in  this  way  input  data  volume  is 
reduced  and  accuracy  is  enhanced.  An  option  is  provided  to 
suppress  the  midside  nodes  individually  if  associated  com¬ 
plexities  arise  in  grid  refinement  or  nonstandard  connections 
with  adjacent  elements. #  Invoking  this  suppression  option 
causes  linear  variation 'to  be  imposed  on  the  specified 
midside  variables-. 

The  triangular  thin  shell  element  is  written 
to  accommodate  anisotropy  of  mechanical  and  physical  material 
properties.  Orientation  of  material  axes  is  data  specified. 
Temperature  referenced  material  properties,  selected  from  the 
materials  library,  are  assumed  constant  over  the  element. 

A  linear  generalized  Iiooke 1  s  Law  is  employed 
for  the  equations  of  state.  Three  options  are  provided; 
namely,  conventional  plane  stress*  corrected  plane  stress, 
and  restricted  plane  strain. 
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The  element  formulation  is  discretized  by  the 
construction  of  mode  shapes.  Membrane  displacements  within 
the  subject  element  are  approximated  by  quadratic  poly¬ 
nomials.  Transverse  displacement  is  represented  by  cubic 
polynomials.  A  linear  variation  is  provided  for  midplane 
and  gradient  variations  in  thermal  loading.  Other  element 
loadings  such  as  pressure  are  assumed  constant  over  the 
element. 

Deformation  behavior  of  the  triangular  thin 
shell  element  is  described  by  the  displacement  degrees  of 
freedom  associated  with  the  grid  points  which  it  connects. 

The  variation  in  strain  within  the  element 
which  is  permitted  by  the  assumed  displacement  functions 
leads  to  similar  stress  variation.  Advantage  is  taken  of 
this  by  exhibiting  predicted  stress  resultants  at  the  three 
corners  as  well  as  at  the  center  of  the  element.  Inplane 
and  normal;  direct,  shear,  and  bending  stress  resultants 
are  included.  The  di splay  of  stresses  implies  a  set  of 
axes  of  reference.  These  axes  are  data  specified. 

The  following  element  matrices  are  provided 
for  the  Triangular  Thin  Shell  Element  in  the  MAGIC  System. 

Stiffness 

Stress 

Thermal  Load 

Distributed  Loading  (pressure) 

Mass 


.  Referring  to  Figure  11-21,  it  is  sqen  that  in 
general  the  Triangular  Thin  Shell  Element  is  defined  fcy  six 
node  points.  There  is  an  option  in  the  program,  however, 
which ^allows  the  User  to  suppress  the  midside  node  points 
individually  if  desired. 

When  defining  the  element,  the  first  three  node 
points  determine  the  corner  points  of  the  element.  The  mid¬ 
side  nodes  are  then  numbered  with  the  first  entry  being  that 
midside  node  which  falls  between  the  first  two  corner  points 
Referring  to  the  figure,  the  element  would  be  numbered  as 
follows 

1,  2,  3,  4,  5,  6 

If  It  were  desired  to  suppress  mid-side  node  #4,  the  element 
would  be  numbered  in  the  following  manner  (based  on  Figure 
11-21) 
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2,  3,  o,  *j.  6 


Thin  suppression  causes  linear  variation  to 
be  imposed  on  the  specified  midside  variables. 

I 

The  element  geometric  axes  (X^,  Yg,  Pigure 

11-21)  have  their  origin  at  the  intersection  of  the  lines 
which  connect  the  centroid  to  the  vertices.  The  positive 
direction  of  the  X  axis  is  defined  by  the  3ine  which  con¬ 
nects  the  origin  6  of  the  (X^,  Y  )  axis  to  node  point® 

oC  the  element  as  shown  in  the  figure.  The  (X  -Y  )  plane 

s  & 

of  the  element  is  determined  by  the  three  corner  point 
coordinates.  A  material  axis  (X  ,  Y  )  is  also  provided  for 

this  element.  The  angle  (  ^mg)  between  the  material  and 

element  geometric  axis  is  considered  positive  when  measured 

in  a  counter-clockwise  direction  from  to  X. 

m  g 

With  respect  to  the  element  geometric  axes,  the 
corner  grid  points  include  the  degrees  of  freedom  u,  v,  w, 

9  and  9  .  A  reduced  set  of  degrees  of  freedom  is  associated 

X  ,/ 

with  the  midside  grid  points ;  namely,  u,  v  and  ©n  (normal 

slope).  In  general,  transformation  to  global  or  grid  point 

axes  reference  systems  tends  to  fill  these  sets  of  degrees 

of  freedom  to  u,  v,  w,  9  ,  9-  ,  9  for  the  corner  grid  points 

x  y '  z 

and  to  u,  v,  w,  ©n,  0,  0  (9n  is  not  transformed)  for  the  mid¬ 
side  grid  points.  It  is  for  the  Analyst  to  decide,  of  course, 
whether  or  not  these  additional  terms  lead  to  bona-fide 
degrees  of  freedom. in  the  assembled  structure.  The  User 
should  also  note  that  on  the  Boundary  Condition  Data  Form 
(Figure  11-10).  Whenever  6n  (^normal)  is  being  considered, 

then  the  proper  input  code  (either  0,  1,  or  2). is  always 
entered  in  the  location  which  is  normally  reserved  for  the 
9  entry  (Column  16). 

A 

The  Grid  Point  Coordinate  Data  Fonn  (Figure  II-5) 
is  provided  fbr  Input  of  the  coordinates  which  define  the 
elements.  Grid  point  coordinates  for  mid-side  nodes-  are  not 
necessary  input  since  the  program  calculates  these 
c oordinate  s  automatically . 


♦ 
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The  Triangular  Thin  Shell  Element  is  provided 
with  a  constant  normal  pressure  load.  The  Grid  Point  Pres¬ 
sure  Data  Form  (Figure  II-6 )  is  provided  for  this  pressure 
loading  if  it  exists.  On  that  form  provision  is  made  for 
three  possible  input  pressures  per  grid  point  P, ,  P0,  and  P,  . 

X  c.  j 

For  the  Trinagular  Thin  Shell  Element  the  input 
pressures  correspond  to  pressures  designated  P^  on  the  Grid 

Point  Pressure  Data  Form.  These  pressure  values  are  input 
in  Columns  13-22.  The  pressure  is  defined  as  positive  v/hen 
acting  in  the  direction  of  positive  element  Z^  direction. 

A  linear  variation  is  provided  for  midplane  and 
gradient  variations  in  thermal  loading.  The  Grid  Point  Tem¬ 
perature  Data  Form  (Figure  I.T-7)  is  provided  to  input  node 
point  temperatures  and/or  temperature  gradients.  For  the 
Triangular  Thin  Shell  Element,  the  midplane  node  point  tem¬ 
peratures  correspond  to  the  temperature  designated  T-^  on 

the  Grid  Point  Temperature  Data  Form.  These  tempei'ature 
values  are  input  in  Columns  13-22  of  that  Form. 

Provision  for  a  temperature  gradient  through 
the  thickness  of  the  Triangular  Thin  Shell  is  also  provided. 
This  gradient  is  defined  as  positive  when  the  temperature 
is  increasing  through  the  thickness  in  the  positive  element 

Z  direction.  If  temperature  gradients  through  the  thick- 
& 

ness  are  present,  the  value  of  the  gradient  at  each  grid 
point  is  entered  in  the  location  set  aside  for  the  quantity, 
Tp  (Cols.  23-32)  on  the  Grid  Point  Temperature  Data  Form. 

The  gradient  is  entered  in  the  following  manner. 

T  AT 

2  "  t 

where 

AT  =  Change  in  temperature  through  the 
thickness  of  the  element 

t  =  Thickness  of  element 

Note  that  the  sign  of  Tp  depends  upon  the  direction  of  the 
gradient  as  pointed  ouvrabove. 
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The  Element  Control  Data  which  is  required  for 
the  Triangular  Thin  Shell  Element  is  as  follows.  (See 
Figure  11-13). 

Element  Number  -  (Cols.  7-10) 


Hefei  to  .Element  Control  Section 

Plug  Number  -  (Col.  33-12) 

The  Triangular  Thin  Shell  Element  j.s 
identified  as  Number  20. 

Material  Number  -  (Cols.  13-18) 

Refer  to  Element  Control  Section 

Temperature  Interpolate  Option  -  (Col.  19) 

If  the  User  exercises  this  option  by  not 
making  an  entry  in  Column  19,  the  program  will 
average  the  six  node  point  temperatures  of  the 
element  and  use  this  average  temperature  when 
establishing  material  properties  from  the  material 
tape.  This  means  that  temperatures  for  all  six 
node  points  (including  the  mid-side  nodes)  must 
be  entered  on  the  Grid  Point  Temperature  Data  Form 
(Figure  II-7).  If  the  User  wishes  to  employ  a 
specified  number  of  node  points,  n,  in  the  averag¬ 
ing  process  (n<6)  then  this  number  is  entered  in 
Column  19  and  the  first  n  node  points  entered  in 
Columns  36-71  will  be  used  for  the  averaging 
process.  If  a  *1'  is  entered  in  this  location  the 
program  will  use  the  Material  Temperature  entered 
in  Columns  20-27  when  establishing  material 
properties  from  the  material  tape. 

Material  Temperature  -  (Cols.  20-27) 

Refer  to  Element  Control  Section 

Repeat  Element  Matrices  -  (Col.  28) 

Refer  to  Element  Control  Section 

Element  Input  ~  (Col.  29) 


The  Triangular  Thin  Shell , Element  always 
requires  Element  Input  therefore  an  'X!  is 
always  placed  in  Column  29  when  a  Triangular 
Thin.  Shell  Element  is  being  ernp3oyod. 
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,rhe  following  Element  Input  is  required 
when  using  the  Triangular  Thin  Shell  Element 
(Refer  to  the  Element  Input  Section).  From 
the  Element  Input  Data  Form  it  is  seen  that 
the  Element  Input  Locations  are  labeled  A,  B, 

C,  D,  E,  F  with  each  item  contained  in  a  ten 
column  field. 

Location  A  -  (Cols.  13-22) 

Membrane  Thickness  (t  )  - 

'  m' 

For  the  Triangular  Thin  Shell  Element,  both 
membrane  and  flexural  action  are  represented. 

Optional  generation  of  either  or  both  re¬ 
presentations  is  controlled  by  the  provision 
of  associated  membrane  and  flexure  thickness. 

If  the  User  desires  to  do  a  membrane  problem, 
the  membrane  thickness  is  input.  If  membrane 
behavior  is  not  to  be  considered,  the  asso¬ 
ciated  membrane  thickness  is  not  input.  Note  also 
that  mass  matrix  generation  for  this  element  is  based 
on  the  element  membrane  thickness. 

Location  B  -  (Cols.  23-32) 

Flexural  Thickness  (t^) 

If  the  User  desires  to  do  a  flexure  problem, 
the  effective  flexure  thickness  must  be 
entered.  Omission  of  this  thictaness  degen¬ 
erates  the  problem  into  one  of  pure  membrane 
behavior.  Since  flexure  and  membrane  be¬ 
havior  are  uncoupled  both  can  be  run 
consecutively  if  desired. 

Location  C  -  (Cols.  33-^2) 

Material  Axes  Angle  -  (Gamma)  - 

Since  the  Triangular  Thin  Shell  Element  is 
written  to  accommodate  anisotropy  of 
mechanical  and  physical  properties  provision 
is  made  in  the  program  for  differences  in 
orientation  of  material  and  element  geomet¬ 
ric  axes  for  an  element.  The  User  inputs 
the  angle  between  the  material  axis  (Xffl) 

and  the  element  geometric  axis  (X  )  with 

vS 

this  angle  being  measured  in  a  counter¬ 
clockwise  direction  from  the  material  .axis 
(X  )  to  the  element  geometric  axes  (X  ). 
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ThL:;  angle  (%m(r)  i:j  input  in  degrees. 
Location  D  -  (Cols.  *13-52) 

Types  of  Solution: 

(a)  Corrected  Plane  Stress  (Code  0.0)  - 
The  corrected  plane  stress  -olution  is 
one  in  which  the  stress  in  the  out  of 
plane  direction  (  (Tz)  is  set  equal  to 

zero  but  the  full  material  properties 
matrix  is  used.  That  is,  the  effect  of 
transverse  properties  on  the  in-plane 
stresses  are  included.  Such  effects 
are  negligible  for  most  practical 
materials. 

(b)  Restricted  Plane  Strain  (Code  1.0)  - 
Hie  restricted  plane  strain  solution 
is  one  in  which  the  strain  in  the  out 
of  plane  direction  (€.z)  is  set  pqual 
to  zero. 

(c)  Conventional  Plane  Stress  (Code  2.0)  - 
Hie  conventional  plane  stress  solution 
is  one  in  which  the  stre'ss  in  the  out 
of  plane  direction,  (CTZ)  is  set  equal 

to  zero  and  the  effect  of  transverse 
properties  on  the-  in-plane  stresses  are 
not  Included. 

Location  E  -  (Cols.  53-6,2) 

Eccentricity  (ECC)  - 

The  eccentricity  is  defined  as  the  distance 
measured  from  the  neutral  axis  of  the 
eccentrically  place  element  to  the  midplane 
of  the  reference  element.  The  sign  of  the 
eccentricity  is  taken  to  be  positive  when 
the  direction  specified  from  the  eccentric 
element  to  the  reference  element  in  the 
positive  local  element  direction. 
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The  above  is  the  Element.  Input  required  for 
the  Triangular  Thin  Shell  Element.  Returning  to  the  Element 
Control  Data  Section,  the  list  of  data  items  continues  as 
follows. 

Interpolated  Input  Print  -  (Col.  '30) 

-  Refer  to 

Element  Matrix  Print  -  (Col.  31)  >  Element 

-  Control 

Full  Print  -  (Col.  32)  .  Section 

Number  of  Input  Nodes  -  (Cols.  33-3*0 

The  Triangular  Thin  Shell  Element  is 
always  defined  by  6  Input  Nodes. 


Pressure  Suppression  Option  (Col.  35) 
Refer  to  Element  Control  Section. 
Node  Points  -  (Cols.  36-71) 


In  general  the  Triangular  Thin  Shell 
Element  is  defined  by  six  node  -.points.  The 
User,  however,  has  the  option  to  suppress  the 
mid-side  nodes  individually  if  desired. 
Referring  to  Eiguire  11-13,  it  is  seen  that  12 
locations  are  set  aside  for  node  -point  entries. 
The  first  6  locations  are  set  aside  for  the 
three  corner  points  and  three-mid- side  nodes 
respectively. 


Locations  9  and  10  -  (Cols.  60-65) 

Most  finite  elements  accommodate  anisotropic 
materials.  Axes  of  reference  must  be  specified 
for  material  properties.  This  is  accomplished 
through  specification  as  element  data,  of  co¬ 
ordinate  points  defining  the  material  axes. 
These  axes  are  defined  by  inputting  the  appli¬ 
cable  set  of  coordinates  in- -these  locations. 
These  coordinates  define  the  X  axis  for 
material  property  definition.  This  device  may 
also  be  used  effectively  to  define  stress  out¬ 
put  direction  and  the  same  two  points  used  for 
the  reference  element  can  be  used  for  each, 
following  element  so  that  the  output  has  a 
common  reference. 
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l.v-aU  on::  !  I  and  1  2  -  (0)1::.  66-71) 

A  specification  of  stress  values  implies 
a  set  of  reference  axes.  The  axes  of  refer¬ 
ence  are  determined  with  the  provision  of  an 
element  stress  matrix.  Frequently  axes  of 
reference  convenient  for  formulation  are  not 
convenient  .for  interpretation  of  stresses. 

The  problem  is  resolved  by  data  specification 
of  stress  axes.  This  is  accomplished  through 
specification  as  element  data,  of  coordinate 
points  which  define  the  stress  axes.  The  node 
points  entered  In  these  locations  define  the 
direction  of  the  (X)  stress  axis.  With  this 
definition,  the  stresses  in  the  other  direc¬ 
tions  retain  their  proper  orientation  with 
respect  to  this  axis. 

REMEMBER : 

(a)  If  all  three  mid- side  nodes  were 
suppressed  only  the  first  three  loca¬ 
tions  would  be  needed.  If  mid- side 
nodes  are  suppressed  individually  then 
zeros  are  input  in  the  location  per¬ 
taining  to  that  particular  point. 

(b)  The  stress  axis  determination  is  element 
related  and  therefore  if  locations  11 
and  12  are  used  for  stress  directions, 
then  each  element  must  be  considered 
separately  and  node  points  related  to 
that  particular  element  are  used  in 
determining  stress  direction. 
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g.  Trapezoidal  Cross-Section  Ring  (Core)  (Ident.  No.  41) 

The  trapezoidal  cross-section  ring  discrete  element, 
shown  in  Figure TI -22a  provides  a  powerful  tool  for  the  analysis 
of  thick  walled  and  solid  axisymmetric  structures  of  finite  length 
and  arbitrary  profile.  It  may  be  used  alone  or  if  the  problem 
dictates  a  highly  irregular  grid  work  it  may  be  combined  with  the 
well  known  triangular  ring  element  which  is  described  in  Reference 
For  the  analysis  of  solid  structures,  it  can  be  combined  with  a 
core  discrete  element  (Figure  11-22 a)  which  is  a  specialization  of 
the  trapezoidal  ring.  A  detailed  development  of  the  Trapezoidal 
Ring  (and  Core)  Discrete  Elements  is  presented  in  Reference  14. 

The  trapezoidal  ring  element  representation  is 
written  with  respect  to  cylindrical  coordinate  axes .  The  configu¬ 
ration  of  the  element,  is  completely  defined  by  specifying  radial 
and  axial  coordinates  of  the  four  corner  points . 

Cylindrical  anisotropy  is  provided  for  in  the 
mechanical  and  physical  material  properties  of  the  ring  element. 
Orientation  of  or.thotropic  axes  in  the  (r,  z)  plane  is  data 
specified. 


The  element  designation  "ring”  implies  an  axisymmetric 
geometric  configuration.  It  has  been  further  tacitly  assumed 
that  the  applied  loading  is  axisymmetric;  it  follows,  as  a 
consequence,  that  the  displacement  behavior  is  also  axisymmetric. 

A  three  dimensional  axisymmetric  stress  state  is 
assumed.  Polynomial  functions  are  employed  for  displacement  mode 
shapes.  A  linearly  varying  thermal,  load  is  also  provided  for  this 
element . 


Deformation  behavior  of  the  trapezoidal  ring  is 
described  by  the  eight  displacement  degrees  of  freedom  associated 
with  the  four  grid  points  which  it  connects.  Element  stress 
behavior  is  described  by  the  state  of  stress  predicted  at  the 
four  corner  points  and  at  the  center  of  the  element.  Radial, 
circumferential-  and  axial  stresses  are  predicted. 

The  following  element  matrices  are  provided  for  the 
Trapezoidal  Cross-Section  Ring  (Core)  Element  representation'  in 
the  MAGIC  System 

Stiffness 

Stress 

Thermal  Load 

Distributed  Loading  (Pressure) 

Consistent  Mass 
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The  traper.oiclal  cross-section  ring  element  is 
numbered  in  the  following  manner.  Referring  to  Figure  II  22-(a), 
the  element  Ls  numbered  in  a  counter-clockwise  manner  when 
Jooki  nr.  .in  the  positive  element  Y  (6)  direction.  The  element 
numbering  must  begin  at  the  lower  left  hand  corner  of  the  element 
(0  in  Figure  i J -  22a ) .  The  line  connecting  grid  ooints  0)  and 
0  and  the  3  ire  connecting  grid  points  0  and  0  must  both 
> e  parallel  to  the  r-axis.  This  means  that  the  Z  coordinate  for 
rid  point  0  is  equal  to  the  7.  coordinate  for  grid  point  0)  . 
nis  is  also  true  for  grid  points  0  and  0  . 

When  the  core  element  specialization  of  the 
Uapezoidal  rlnc. is  used,  the  r  coordinate  associated  with  grid 
points  0  and  @  is  always  equal  to  zero. 

The  Trapezoidal  Cross-Section  Ring  Element  is 
provided  with  a  linearly  varying  pressure  load  whose  positive 
definition  is  shewn  in  Figure  II- 22(a).  Provision  is  made  for 
pressure  loading  on  all  four  sides  of  the  element. 

The  Grid  Point  pressure  Data  Form  (Figure  II-6) 
is  provided  for  entering  these  pressure  loadings  if  they  exist. 

For  the  Trapezoidal  Cross-Section  Ring  Element,  the  input 
pressures  correspond  to  the  pressures  designated  P^  and  P2  on 
the  Grid  Point  Pressure  Data  Form.  The  pressures  P^  correspond 
to  radial  pressure  acting  on  the  element  and  are  entered  in. 

Columns  13-22.  The  pressures  Pp  correspond  to  axial  pressure  acting 
on  the  element  and  are  entered  fn  Columns  23-32. 

A  linearly  varying,  thermal  load  vector  is  included 
in  this  element  representation  to  accommodate  thermal  loading. 

The  Grid  Point  Temperature  Data  Form  (Figure  II  ~7)  is  provided 
to  input  node  point  temperatures  if  thermal  loading,  is  present. 

For  the  Trapezoidal  Ring  Element,,  the  node  point  temperatures 
correspond  to  the  temperature  designated  T-p  on  the  Grid  Point 
Temperature  Data  Form.  ,These  temperature  values'  are  input  in 
Columns  13-22  of  tha.t  Form-. 

The  Element  Control  Data  which  is  required  for  the 
Trapezoidal  Ring  Element  is  as  follows:  (See  Figure  11-13) . 


Element.  Number  -  .(Cols.  ,7-10) 


Refer  to  Element  Control  Section 


Plug  Number  -  (Cols.  11-12) 


The  Trapezoidal  Cross-Section  Ring  (Core) 
Element  is  identified  as  Number  4l. 
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Material  Number  -  (Cols,  13-18) 


Refer  to  Element  Control  Section 

Temperature  Interpolate  Option  -  (Col.  19) 

The  Trapezoidal  Ring  Element  is  designated 
by  4  node  points.  If  the  User  desires  to 
exercise  the  Temperature  Interpolate  Option 
and  average  all  four  (4)  of  the  node  point 
temperatures,  an  entry  is  not  made  in  Column  19. 
If  the  User  desires  to  enter  a  material  tempera¬ 
ture  in  Cols.  20-27.  a  fl'  is  entered  in 
Column  19. 

Material  Temperature  -  (Cols.  20-27) 

Refer  to  Element  Control  Section 

Repeat  Element  Matrices  -  (Col.  28) 

Refer  to  Element  Control  Section 

Element  Input  -  (Col.  29) 

The  Trapezoidal  Cross-Section  Ring  Element 
only  requires  Element  Input  under  certain 
special  conditions  as  follows*  Referring  to 
Figure  H-22,  it  is  seen  that  there  is  a 
possibility  that  in  some  cases  the  material 
axis,  and  element  geometric  axis  of  the  element 
will  not  coincide.  If  this  is  the  case,  the 
Element  Input  (Figure  11-14)  required  for  the 
Trapezoidal  Cross-Section  Ring  consists  of 
the  following: 

Location  A  -  (Cols,  13-22) 

Material  Axes  Angle  (Gamma  -^mg) 

Since  the  Trapezoidal  Cross -Section  Ring 
Element  is  written  to  accommodate  anisotropy 
of  mechanical  ar.d  physical  properties,  pro¬ 
vision  is  made  in  the  program  for  differences 
-in  orientation  of  material  and  element  geo¬ 
metric  axes  for  an  element.  The  User  inputs 
the  angle  between  the  element  material  axis 
(Xm)  and  the  element  geometric  axis  (Xg). 

The  angle  garnma  (  y  mg)  is  input  in 
degrees  and  is  considered  positive  when 
measured  from  the  material  axes  to  the 
element  geometric  axes,  in  a  counter-clock¬ 
wise  direction  (Figure  II-22(a). 
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Remember 


Element  Input  is  not  required  for  the 
Trapezoidal  Ring  if  the  material  and 
geometric  axes  coincide,  i.e.,  y m&  =  o. 

Returning  to  the  Element  Control  Data  Section, 
the  list  of  data  items  continues  as  follows: 

Interpolated  Input  Print  -  (Col.  30)  ~1  Refer  to 

Element 

Element  Matrix  Print  -  (Col.  31)  (  Control 

|  Section 

Full  Print  (Col.  32) 

Number  of  Input  N  ides  (Cols.  33-3*0 

The  Trapezoidal  Cross-Section  Ring  (Core) 
Element  is  always  defined  by  4  input  nodes. 

Pressure  Suppression  Option  -  (Col.  35) 

Refer  to  Element  Control  Section 

Node  Points  -  (Cols.  36-71) 

The  four  node  points  which  define  each 
Trapezoidal  Ring  are  entered  in  the  first 
four  entries  provided  in  the  Node  Point  Section 
of  the  Element  Control  Data  Form. 

When  using  the  Core  Element  specialization  of  the 
Trapezoidal  Ring,  the  following  guidelines  are  supplied: 

(a)  The  radii  of  node  points  ©  and  (5)  for  any 
particular  Core  Element  must  always  be  equal 
to  zero  (Grid  Point  Coordinate  Section, 
Figure  II-5). 

(b)  The  radial  displacement,  u,  at  node  points 
(0  and  ©  must  always  be  set  equal  to  zero 

for  any  particular  Core  Element  (Boundary 
Condition  Section,  Figure  11-10). 


,  W 


(a)  r2  =  r4  =  o 

(b)  u2  =  u4  =  o 


Figure  ll-22(b)  -  Core  Element  Specialization  of  Trapezoidal 

Cross-Section  Ring  Element 
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h. 


Quadrilateral  Plate  (Ident,.  No.  28) 


The  quadrilateral  plate  element  is  recommended  for 
use  as  the  basic  building  block  for  membranes,  plates  and  shells 
when  performing  an  elastic  stability  analysis.  The  triangular 
plate  element  (Tdent.  No.  27)  is  a  companion  element  useful  in 
regions  of  irregularity  and  double  curvature.  The  quadrilateral 
plate  element  is  developed  in  detail  in  References  4  and  15  and 
is  shown  in  Figure  11-23. 

The  shape  of  the  general  quadrilateral  plate  is  de¬ 
fined  by  the  coordinates  of  the  four  corner  points.  It  is  a  zero 
curvature  element.  The  plane  of  the  element  is  determined  by  its 
first  three  corner  point  coordinates. 

Membrane  and  flexure  action  are  uncoupled  for  this 
clement.  Optional  generation  of  either  or  both  of  the  representations 
is  controlled  by  the  provision  of  associated  effective  thicknesses. 
The  distinct  membrane  and  flexure  thicknesses  are  assumed  constant 
over  the  plane  of  the  element. 

Four  corner  points  participate  in  establishing 
continuous  connection  of  the  quadrilateral  plate  element  with 
adjacent  elements. 

A  quadrilateral  plate  element  is  written  to  accommodate 
anisotropy  of  mechanical  and  physical  properties.  Temperature 
referenced  material  properties,  selected  from  the  materials  library, 
are  assumed  constant  over  the  element. 

A  linear  generalized  Hooke's  law  is  employed 
for  the  equations  of  state.  The  conventional  plane  stress  option  is 
provided  for  this  element. 

The  element  formulation  Is  discretized  by  the 
construction  of  mode  shapes.  Membrane  stresses  within  the  element 
are  approximated  by  the  following  polynomials 


al  + 

a2y 

°y  = 

a3  + 

a4x 

^xy 

a5 

Transverse  displacement  is  represented  by  cubic  polynomials. 

Element  stresses  for  the  quadrilateral  plate  are 
predicted  at  the  center  of  the  element.  Inplane  and  normal  direct, 
shear  and  bending  stress  results  are  included.  The  display  of 
stresses  implies  a  set  of  reference  axes.  These  axes  are  data 
specified. 
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The  following  element  matrices  are  provided  for  the 
Quadrilateral  Plate  Element  in  the  MAGIC  System. 

Stiffness 

Stress 

Thermal  Load 
Incremental  Stiffness 


A  constant  prestrain  load  vector  is  included  in  this 
element  representation  to  accommodate  thermal  loading.  The  Grid 
Point  Temperature  Data  Form  (Figure  II-7)  is  provided  to  input 
node  point  temperatures  if  thermal  loading  is  present.  For 
mid-plane  (membrane)  variations  in  thermal  loading,  the  temperature 
input  correspond  to  the  temperatures  designated  T^,  on  the  Grid 
Point  Temperature  Data  Form.  These  temperatures  are  input  in 
Columns  13-22  of  that  form. 


For  flexural  action,  the  gradient  through  the 
thickness  is  assumed  constant.  If  temperature  gradients  through 
the  thickness  are  present,  the  value  of  the  gradient  at  each 
grid  point  is  entered  in  the  location  set  aside  for  the  quantity, 
Tp  (Cols.  23-32)  on  the  Grid  Point  Temperature  Data  Form. 

Thermal  moments  which  arise  from  the  gradients  are  then 
automatically  defined  by  the  System  by  prorating  the  distributed 
edge  moments  to  the  corners. 


In  the  performance  of  elastic  stability  analyses  using 
this  element,  the  set  of  abstraction  instructions  as  outlined 
in  Section  II. g. 4  of  this  volume  should  be  utilized.  Consistent 
"initial  stress"  incremental  stiffness  matrices  are  generated 
using  the  membrane  stress  results  (  <r- >  <nr$  )  from  the 

a  y  xy 

quadrilateral  element  in  conjunction  with  the  assumed  transverse- 
displacement  functions  of  the  element,  i.e.. 


V ■  '«([-*(£)' 


+  2Nxy 


The  Element  Control  Data  which  is  required  for  the 
Quadrilateral  Plate  Element  is  as  follows:  (See  Figure  11-13) 


Element  Number  -(Cols,  7-10) 

Refer  to  Element  Control  Section. 


Plug  Number  -  (Cols.  11-12) 

The  Quadrilateral  Plate  Element  is  Identified  as 
as  Number  28. 

Material  Number  -  (Cols,  13-18) 

Refer  to  Element  Control  Section 
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Temperature  Interpolate  Option  -  (Col.  19) 

If  the  User  exercises  this  option  by  not!  making 
an  entry  in  Column  19,  the  program  will  average  the 
four  node  point  temperatures  of  the  element  and  use 
this  average  temperature  when  establishing  material 
properties  from  the  material  tape.  If  the  User  wishes 
to  employ  a  specified  number  of  node  points,  n,  in  the 
averaging  process  ( 1 <  n  <  ^ )  then  this  number  is  entered 
in  Column  19  and  the  first  n  node  points  entered  in 
Columns  36-71  will  be  used  for  the  averaging  process. 

If  a  '1'  is  entered  in  this  location,  the  program 
will  use  the  Material  Temperature  entered  in 
Columns  20-27  when  establishing  material  properties 
from  the  material  tape. 

Material  Temperature  -  (Col.  20-27) 

Refer  to  Element  Control  Section 

Repeat  Element  Matrices  -  (Col.  28) 

Refer  to  Element  Control  Section 

Element  Input  -  (Col.  29) 

The  Quadrilateral  Plate  Element  always  requires 
element  input,  therefore,  an  ’X'  is  always  placed  in 
Column  29  when  a  quadrilateral  plate  element  is 
employed. 

The  following  Element  Input  is  required  when 
using  the  Quadrilateral  Plate  Element  (Refer  to  the 
Element  Input  Section) .  From  the  Element  Input  Data 
Form  it  is  seen  that  the  Element  Input  Locations 
are  labeled  A,  B,  C,  D,  E,  F,  with  each  item 
contained  in  a  ten  column  field. 

Location  A  -  (Cols.  13-22) 

Membrane  Thickness  -  (t  ) 

'  m7 

For  the  Quadrilateral  Plate  Element,  both  membrane  and 
Flexural  action  are  represented.  Optional 
generation  of  either  or  both  representations  is 
controlled  by  the  provision  of  associated  membrane 
and  flexure  thicknesses. 
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Location  B  -  (Cols.  23-32) 

Flexural  Thickness  -  (tf) 

If  the  User  desires  to  do  a  flexure  problem, 
the  effective  flexure  thickness  must  be  entered. 
Omission  of  this  thickness  degenerates  the  problem 
into  one  of  pure  membrane  behavior.  Since  flexure 
and  membrane  behavior  are  uncoupled,  both  can  be 
run  consecutively  if  desired.  -In  performing  an 
elastic  stability  (buckling)  analyses  both  the 
membrane  and  flexure  thickness  are  needed. 

The  above  is  the  Element  Input  required  for  the 
Quadrilateral  Plate  Element.  Returning  to  the  Element  Control  Data 
Section,  the  list  of  data  items  continues  as  follows: 

Interpolated  Input  Print  -  (Col.  30) 

Refer  to  Element  Control  Section 

Element  Matrix  Print  -  (Col.  31) 

Refer  to  Element  Control  Section 

Full  Print  -  (Col.  32) 

Refer  to  Element  Control  Section 

Number  of  Input  Nodes  (Cols.  33-3*0 

The  Quadrilateral  Plate  Element  is  always  defined 
by  4  input  nodes . 

Pressure  Suppression  Option  -  (Col.  35) 

Refer  to  Element  Control  Section 

Node  Points  -  (Cols.  36-71) 

The  Quadrilateral  Plate  Element  is  defined  by  4 
node  points.  Note  that  the  first  two  node  points 
called  out  for  the  element  determine  the  positive  local 
'X1  axis  for  stress  output  with  the  local  ' Y *  axis 
at  the  right  angles  pointing  in  the  direction  of  the 
third  note  point. 


FIGURE  11-23  QUADRILATI 
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i.  Triangular  Plate  (Ident.  No.  27) 

The  triangular  plate  element  is  recommended  for  use 
as  the  basic  building  block  for  most  doubly  curved  shells  when 
performing  an  elastic  stability  analysis.  Additionally,  it  is 
useful  in  combination  with  the  quadrilateral  plate  element  (Ident. 

No.  8)  for  dealing  with  irregular  geometries  of  membrane,  plate  and 
shell  structures  when  performing  buckling  analyses.  The  triangular 
plate  element  is  developed  in  detail  in  References  4  and  15  and 
is  shown  in  Figure  11-24. 

The  shape  of  the  general  triangular  plate  is  defined 
by  the  coordinates  of  the  three  corner  points.  It  is  a  zero 
curvature  element.  The  plane  of  the  element  is  determined 
by  its  three  corner  point  coordinates. 

Membrane  and  flexure  action  are  uncoupled  for  this 
element.  Optional  generation  of  either  or  both  of  the  represen¬ 
tations  is  controlled  by  the  provision  of  associated  effective  thick¬ 
nesses.  The  distinct  membrane  and  flexure  thicknesses  are 
assumed  constant  over  the  plane  of  the  element. 

Three  corner  points  participate  in  establishing 
continuous  connection  of  the  triangular  plate  element  with  adjacent 
elements .  v 


The  triangular  plate  element,  is  written  to  accommodate 
anisotropy  of  mechanical  and  physical  properties.  Temperature 
referenced  material  properties,  selected  from  the  materials 
library,  are  assumed  constant  over  the  element. 

A  linear  generalized  Hooke's  law  is  employed  for  the 
equations  of  state.  The  conventional  plane  stress  option  is 
provided  for  this  element. 

The  element  formulation  is  discretized  by  the 
construction  of  mode  shapes.  Membrane  displacements  within  the 
element  are  approximated  by  linear  mode  shapes  leading  to  constant 
membrane  stress  behavior  within  the  element.  Transverse  displace¬ 
ment  is  represented  by  cubic  polynomials. 

Element  stresses  for  the  triangular  plate  are  predicted 
at  the  center  of  the  element.  Inplane  and  normal  direct,  shear 
and  bending  stress  results  are  included.  The  display  of  stresses 
implies  a  set  of  reference  axes.  These  axes  are  data  specified. 

The  following  element  matrices  are  provided  for  the 
Triangular  Plate  Element  in  the  MAGIC  System. 

Stiffness 

Stress 

Thermal  Load 
Incremental  Stiffness 


A  constant  prestrain  load  vector  is  included  in 
this  element  representation  to  accommodate  thermal  loading. 

The  Grid  Point  Temperature  Data  Form  (Figure  II -7)  is 
provided  to  input  node  point  temperatures  if  thermal  loading  is 
present.  For  mid-plane  (membrane)  variations  in  thermal  loading, 
the  temperature  input  correspond  to  the  temperatures  designated 
T-p  or.  the  Grid  Point  Temperature  Data  Form.  These  temperatures 
are  input  in  Columns  13-22  of  that  form. 

For  flexural  action,  the  gradient  through  the 
thickness  is  assumed  constant.  If  temperature  gradients  through 
the  thickness  are  present,  the  value  of  the  gradient  at  each  grid 
point  is  entered  in  the  location  set  aside  for  the  quantity,  T2 
(Cols.  23-32)  on  the  Grid  Point  Temperature  Data  Form.  Thermal 
moments  which  arise  from  the  gradients  are  then  automatically 
defined  by  the  System  by  prorating  the  distributed  edge  moments 
to  the  corners. 

In  the  performance  of  elastic  stability  analyses  using 

this  element,  the  set  of  abstraction  instructions  as  outined  in 

Section  II. g. 4  of  this  volume  should  be  utilized.  Consistent 

"initial  stress"  incremental  stiffness  matrices  are  generated 

using  the  membrane  stress  results  (a~  ,  c ~  ,  cr  )  from  the  triangular 

x  y  xy 

element  in  conjunction  with  the  assumed  transverse-displacement 
functions  of  the  element,  i.e.. 


v- l~kY  * 1 77) 
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The  Element  Control  Data  which  is  required  for  the 
Triangular  Plate  Element  is  as  follows:  (See  Figure  11-13) 

Element  Number  -(Cols.  7-10) 


Refer  to  Element  Control  Section 

Plug  Number  -  (Cols.  11-12) 

The  Triangular  Plate  Element  is  identified  as 
Number  27. 

Material  Number  -  (Cols.  13-18) 

Refer  to  Element  Control  Section 


Temperature  Interpo] 


If  the  User  exercises  this  option  by  not  making  an 
entry  in  Column  19,  the  program  will  average  the  three 
node  point  temperatures  of  the  element  and  use  this 
average  temperature  when  establishing  material 
properties  from  the  material  tape.  If  the  User  wishes 
to  employ  a  specified  number  of  node. points,  n,  in 
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the  averaging  process  (l<n  <  3)  then  this  number  is 
entered  in  Column  19  and  the  first  n  node  points 
entered  in  Columns  36-71  will  be  used  for  the 
averaging  process.  If  a  '1'  is  entered  in  this 
location,  the  program  will  use  the  Material 
Temperature  entered  in  Columns  20-27  when  establishing 
material  properties  from  the  material  tape. 

Material  Temperature  -  (Cols.  20-27) 

Refer  to  Element  Control  Section 

Repeat  Element  Matrices  -  (Col.  28) 

Refer  to  Element  Control  Section 

Element  Input  -  (Col.  29) 

The  Triangular  Plate  Element  always  requires 
Element  Input;  therefore,  an  "X"  is  always  placed  in 
Column  29  when  a  triangular  plate  element  is  employed. 

The  following  Element  Input  is  required  when 
using  the  Triangular  Plate  Element  (Refer  to  the 
Element  Input  Section) .  From  the  Element  Input 
Data  Form  it  is  seen  that  the  Element  Input 
Locations  are  labeled  A,  B,  C,  D,  E,  F,  with  each 
item  contained  in  a  ten  column  field. 

Location  A  -  (Cols,  13-22) 

Membrane  Thickness  -  (-t  ) 

For  the  Triangular  Plate  Element,  both  membrane 
and  flexural  action  are  represented.  Optional 
generation  of  either  or  both  representations  is 
controlled  by  the  provision  of  associated  membrane 
and  flexure  thicknesses. 

Location  B  -  (Cols.  23-32) 

Flexural  Thickness  -  (tf) 

If  the  User  desires  to  do  a  flexure  problem,  the 
effective  flexure  thickness  must  be  entered. 
Omission  of  this  thickness  degenerates  the  problem 
into  one  of  pure  membrane  behavior.  Since 
flexure  and  membrane  behavior  are  uncoupled 
both  can  be  run  consecutively  if  desired.  In 
performing  an  elastic  stability  (buckling) 
analyses  both  the  membrane  and  flexure  thickness 
are  needed. 


The  above  is  the  Element  Input  required  for  the 
Triangular  Plate  Element.  Returning  to  the  Element  Control  Data 
Section,  the  list  of  data  items  continues  as  follows: 

'interpolated  Input  Print  -  (Col.  30) 

Refer  to  Element  Control  Section 

Element  Matrix  Print  -  (Col.  31) 

Refer  to  Element  Control  Section 

Full  Print  -  (Col.  32) 

Refer  to  Element  Control  Section 

Number  of  Input  Nodes- (Cols.  33-3*0 

The  Triangular  Plate  Element  is  always  defined  by 
3  input  nodes. 

Pressure  Suppression  Option  -  (Col.  35) 

Refer  to  Element  Control  Section 

Node  Points  -  (Cols.  36-71) 

The  Triangular  Plate  Element  is  defined  dy  3  node 
points.  Note  that  the  first  two  node  points  called 
out  for  the  element  determine  the  positive  local 
"X"  axis  for  stress  output  with  the  local  "Y"  axes 
at  right  angles  pointing  in  the  direction  of  the 
third  node  point. 
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,| .  incremental  Frame  (Ident.  No.  13) 


The  formulation  of  the  "incremental  frame  element"  which  has  been 
incorporated  into  the  MAGIC  II  System  is  essentially  identical  to 
the  Frame  Element  (Ident.  No.  11)  described  in  Section  11.16. a  of 
this  Manual  (Pages  75-80).  The  representation  for  this  element 
is  developed  in  detail  in  Reference  8,  and  is  shown  in  Figure  11-15. 

All  element  matrices  available  to  Element  Id.  No.  11,  are 
available  to  this  element  as  well,  i.e.,  Stiffness,  Stress. 

Distributed  Loading,  Axial  Thermal  Load  and  Consistent  Mass. 

The  addition  of  this  element  is  primarily  intended  to  serve 
the  purpose  of  providing  a  companion  frame  element  to  the  quadrilateral 
and  triangular  plate  elements  (Idents.  No's.  28  and  2?)  which  iiave 
been  added  to  MAGIC  II. 

The  use  of  this  element  in  conjunction  with  the  newly  added 
quadrilateral  and  triangular  plate  elements  provides  a  powerful 
capability  for  linear  eigenvalue  stability  analyses  of  stiffened 
shell  structures. 

The  incremental  stiffness  matrix  employed  for  this  element  is 
derived  in  detail  in  Volume  I:  The  Engineer's  Manual,  Section  III.E.II 
(Reference  4). 

All  input  data  required  for  this  element  is  ident i cal  to  that 
required  for  the  original  Frame  Element  (Ident.  No.  11).  Therefore, 
in  the  interest  of  conciseness,  the  reader  is  referred  to  pages  75 
thru  80  of  this  document  for  detailed  element  input  description. 
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IJ.  li 


17-  Chock  Or  End  Section  (Figure  11-22) 


The  labeled  input  data  form  provided  for  the 
''he  'k  or  Ena  Section  is  shown  in  Figure  1 1- 20 . 

A  prog  rain  option  is  provided  to  conduct  a  read 
•i:yi  te  of  input  data  with  execution  suppressed.  Output 
tv,,;,  Ur;  data  read  and  write  option  includes  the  material 
p ‘‘ope rti or  derived  from  the  materials  library  as  well  as 
table.'  completed  by  MODAL  specification  of  data.  It  is 
re-  rrm.cnded  that  this  feature  be  used  routinely  to  minimize 
execution  against  incorrect  problem  specifications.  If 
the  User  desires  to  use  the  CHECK  option,  he  simply  scratch¬ 
es  (Ait  the  END  designation  which  appears  on  the  input  data 
form.  The  keypunch  operator  will  then  punch  the  word  CHECK 
in  columns  1-5. 

If  the  User  does  not  want  to  exercise  the  CHECK 
option  but  wishes  to  execute  the  problem,  he  simply 
cratches  out  the  CHECK  designation  which  appears  on  the 
orm.  The  keypunch  operator  will  then  punch  the  word  END 
n  columns  1-3. 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
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FIGURE  XI- 2  5  CHECK  OR  F.ND  DATA  FORM 
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SECTION  III 


INPUT  AND  OUTPUT  OP  THE  MAGIC  SYSTEM 


A.  GENERAL  DESCRIPTION 

In  this  section,  the  proper  interpretation  of  the  input 
supplied  to  the  MAGIC  System  and  the  output  supplied  by  the 
MAGIC  System  will  be  provided  by  reference  to  specific 
example  problems.  These  examples  will  utilize  the  finite 
element  representations  which  make  up  the  element  library  of 
the  MAGIC  System. 
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H.  THREE  ELEMENT  PORTAL  FRAME 


A  three  element  portal  frame  is  shown  in  Figure 
III-R.l,  along  with  its  loading,  dimensions  and  pertinent 
material  properties.  The  preprinted  input  data  forms  asso¬ 
ciated  with  this  frame  are  displayed  in  Figures  III-B.2 
thru  TII-B.10. 

In  Figure  III-B.6  (Boundary  Condition  Section)  it 
is  instructive  to  note  the  use  of  the  MODAL  and  Repeat  options. 
There  are  2  exceptions  to  the  MODAL  Card  (Grid  points  2  and  3). 
Grid  point  3  has  exactly  the  same  boundary  conditions  as  Grid 
point  2,  therefore  the  Repeat  Option  is  employed  by  placing  an 
'X'  in  Column  12  opposite  the  entry  for  Grid  Point  Number  3» 
Note  that  the  2  exceptions  to  the  MODAL  card  are  called  out 
on  the  System  Control  Information  Data  Form  (Figure  III-B.^). 

In  Figure  III-B.7  (External  Loads  Section)  the 
following  information  is  evident. 

(1)  One  load  condition  is  input. 

(2)  The  External  Applied  Load  Scalar  equals  0.0. 

(3)  Grid  point  number  2  is  loaded  with  a  load  in 
the  X  direction  equal  to  550.0.  It  should  be 
noted  that  the  entry  corresponding  to  External 
Moments  is  also  filled  in  even  though  there 
are  no  external  moments  applied  to  the  system. 
This  is  done  because  the  Frame  Element  requires 
two  external  load  cards  per  grid  point. 

In  Figure  III-B.9  (Element  Input)  it  is  noted  that 
only  the  MODAL  entry  is  used.  This  means  that  all  of  the  Frame 
Elements  used  in  this  analysis  have  identical  Element  Input 
as  follows: 

2 

Location  A  -  Cross  Sectional  Area  (A)  =  18.0  in 

Ij. 

Location  B  -  Area  Moment  of  Inertia  (I  )  =  13*5  in 

Location  C  -  Area  Moment  of  Inertia  (I  )  =  13.5  in^ 

yy  i 

Location  D  -  Torsiorlal  Moment  of  Inertia  (J)=  27.0  in 


p*  550  LBS  E»  I0'p$| 

L*  48  N  )Ji  «  .30 

*«  18  IM*  Ifc«  Ib*  13.5  W 


FIGURE  III-B.l  -  Idealized  Three  Element  Portal  Frame 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  III-B.2  TITLE  INFORMATION,  THREE  ELEMENT  PORTAL  FRAME 


MASS  DENSITY 

BC] 

■3K3 

D3K*1 

mun 

ES 

KM31 

mm 

*>d  3fW»ld 
|0  j«qiunN 

m 

m 

M 

mlT  I'.'.'iJlm 

mnam 

■ 

•wi 

■|.WW 

m 

(dll  luiid 

mu 

MM  . 

EH 

3t»ld  PPV 

EH 

Sjdonotjuo 

*»*U 


3)CkM»0<4WO 


StdODMI 


Iciio 

BL^l 


BDK ti 


•PO0H9OT 


BUI 


Jtquinn 

m*b*H 


*  >  a 


m 

IBCJB 

~ 

o 

1  -Ml. 

s 

u* 

ESKHHH 

■i 

BB 

_ j 

u.'" 

$< 

BEJB 

— 

— 

— 

— 

— 

— 

SB 

- — 1 

85 

BCH 

' 

c 

Ul 

SSSB 

_ 

. 

_ _ j 

s 

12]  Hi  sMBf 

— 

— 

— 

— 

— 

— 

— 

— 

2j’ 

uoiis»jio  y  y  j 


IBUlHH 

a 

gg 

■1 

H 

gg 

gg 

HHj 

BIB 

SB 

■— 1— 1 

gg 

gg 

HH 

■a 

Hi 

HI 

Hi 

ES 

s 

a 

a 

5 

a 

a 

a 

Bri¬ 

an— 

gb— 

SB 

g 

g 

8 

g 

g 

g 

uotiaujo  £  >  _S 


1EEK3I 


ICQ  I 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 


ENTER  APPROPRIATE  NUMBER,  RIGH' 
ADJUSTED,  IN  BOX  OPPOSITE 
APPLICABLE  REQUESTS 

1.  Number  of  System  Grid  Points 

2.  Number  cf  Input  Grid  Points 

3.  Number  of  Degrees  of  Freedom/Grid  Point 

4.  Number  of  Lead  Conditions 

5.  Number  of  Initially  Displaced  Grid  Points 

6.  Number  of  Prescribed  Displaced  Grid  Points 

7.  Number  of  Grid  Point  Axes  Transformation 
Systems 

8.  Number  of  Elements 

9.  Number  of  Requests  and/or  Revisions  of 
Material  Tape. 


m 

29  30 


10.  Number  of  Input  Boundary 
Condition  Points 

11.  TQ  For  Structure  (With  Decimal  Point) 


FIGURE  III-B.4  SYSTEM  CONTROL  INFORMATION,  THREE  ELEMENT  PORTAL  FRAME 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


GRIDPOINT  COORDINATE 
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FIGURE  III-B.5  GRIDPOINT  COORDINATES,  THREE  ELEMENT  PORTAL  FRAME 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


BOUNDARY  CONDITIONS 


FIGURE  III-B.6  BOUNDARY  CONDITIONS,  THREE  ELEMENT  PORTAL  FRAME 
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FIGURE  III-B.3  ELEMENT  CONTROL  DATA,  THREE  ELEMENT  PORTAL  FRAN® 
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FIGURE  III-B.9  ELEMENT  INPUT,  THREE  ELEMENT  PORTAL  FRAME 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 


INPUT  DATA  FORMAT 

CHECK  OR  END  CARD 
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Figure  III'B.LO  End  Card,  Three  Element  Portal  Frame 
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The  output  supplied  by  the  MAGIC  System  for  the  three  element 
portal  frame  is  as  follows. 

Figure  m  -13.11  shows  the  matrix  abstraction  instructions 
associated  with  this  particular  problem.  A  complete  discussion  of 
these  abstraction  instructions  is  provided  in  Section  IT  of  this 
report,  figures  lii-B.l?  thru  ni-B.14  display  the  output  from 
the  Structural  System  Monitor.  These  figures  record  the  input  data 
pertinent  to  the  problem  being  solved. 

Figure  lil-i?  13  displays  the  coordinate  and  boundary  condition 
information  for  tins  problem,  Ln  the  Boundary  Condition  Information 
Section  of  the  figure,  zeros  ('0')  represents  degrees  of  free¬ 
dom  that  are  fixed  and  ones  ('1')  represent  degrees  of  freedom 
that  have  unknown  values  of  displacement.  The  last  column  in  the 
section  represents  the  cumulative  degree  of  freedom  total. 

The  finite  element  information  is  also  shown  in  Figure  III -B. 13. 

Under  the  section  titled  External  Input,  the  first  entry  printed  is 
the  cross-sectional  area  of  Element  Numbo:  1  which  is  equal  to 
18.0.  The  second  and  third  entries  printed  are  equal  to  the  moments 
of  inertia  Tzz  and  lyy  respectively  with  numerical  values  equalling 
13*50.  The  fourth  value  printed  is  the  Torsional  Moment  of  Inertia, 

J,  which  in  this  case  equals  27.00. 

Figure  Il.t-B.l4  displays  the  External  Load  Column  for  this 
problem.  The  30  x  1  vector  shown  in  the  figure  is  the  total  un¬ 
reduced  transformed  external  load  column  which  is  read  row-wise. 

The  ordering  is  consistent  with  that  of  the  boundary  condition 
information  shown  in  Figure  III-B.13.  Note  that  the  external  load 
of  550.0  is  applied  at  node  point  Number  2  in  the  positive  Global  X 
direction. 

MAGIC  System  output  of  final  results  is  displayed  in  Figures 
111 -B. 15  thru  IT I -B. 22.  Figure  1II-B.15  shows  the  reduced  stiffness 
matrix  for  this  problem.  It  is  to  be  noted  that  only  non-zero  terms 
of  the  stiffness  matrix  are  displayed.  The  stiffness  matrix  is 
presented  row-wise  and  its  ordering  is  consistent  with  that  of  the 
boundary  conditions  shown  in  Figure  III-B.13.  For  this  case,  the  ordering 
of  the  displacement  vector  is  as  follows: 

[qj  =  |Ug,  vg,  9z2,  u^,  v^, 

The  Externally  Applied  Load  Vector  (GPRINT  OF  MATRIX  LOADS)  is 
presented  i:.  Figure  I1I-B.16.  From  the  figure,  it  is  observed  that 
the  force  value  presented  corresponds  to  a  force  (Fx)  in  the  Global 
X  direction  at  node  point  2  numerically  equal  to  550.0. 
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The  portal  frame  displacements  resulting  from  the  Force  (Fx) 
of  550.0  at  node  point  2  are  also  shown  in  Figure  1I1-B.16.  It  is 
noted  that  the  displacements  (U,  V,  W,  THETAX,  THETAY,  THETAZ)  are 
output  corresponding  to  node  point  number  and  are  referenced  to  the 
global  axis  unless  otherwise'  specified. 

The  final  items  of  information  contained  in  Figure  3TI-B.16  are 
the  Reactions  for  the  problem  in  question.  It  is  noted  that  the 
Reactions  (F^,  Fy,  F^,  My,  My,  M^)  are  output  corresponding  to  node 

point  number  and  are  referenced  to  the  global  axis  unless  otherwise 
specifi  ed. 

Stresses  for  the  three  element  portal  frame  are  given  in  Figures 
T1T-B.17  thru  I1I-B.19.  Stresses  are  referenced  to  element 
coordinates,  and  for  the  frame  element,  description  of  stress  behavior 
is  accepted  as  the  definition  of  the  twelve  forces  (Fv,  Fv,  F,,, 

M^,  My,  M^)  acting  at  the  two  grid  point  connections.  (See  Figure 

III-B.l  for  Element  Numbering.)  In  Figure  Ifl-B.17,  Stresses  (Element 
Forces  Referenced  To  Element  Axes)  for  Element  No.  1  are  presented. 
Stress  Points  1  and  2  correspond  to  Element  Grid  Points  1  and  2  for 
this  particular  element.  (Note  that  the  tnird  grid  point,  in  this 
case  grid  point  5,  is  only  used  to  define  the  plane  of  the  element. , 
Figures  III-B.18  and  III-B.19  present  stresses  for  element  numbers 
2  and  3  respectively. 

Element  forces  for  the  three  element  portal  frame  are  displayed 
ill  Figures  III-B.20  thru  III-B.22.  These  forces  are  defined  with 
respect  to  the  Global  Coordinate  System. 

Figure  III-B.20  presents  the  element  forces  (Fx,  Fy,  F z,  Mx,  My,  Mz) 

for  Element  No.  1.  Points  1,  2  and  3  correspond  to  Element  Grid 
Points  1,  2,  and  5  respectively  for  this  particular  element.  Note 
that  the  third  grid  point,  in  this  case  grid  point  5,  is  only  used 
to  define  the  plane  of  the  element  and  therefore  there  are  no 
element  forces  evaluated  at  this  particular  point,  i.e.,  Point  3 
in  Figure  III-B.20.  Figures  TIT-B.21  and  III-B.22  present  forces 
for  element  numbers  2  and  3  respectively. 
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FIGURE  III-B.16  LOAD,  DISPLACEMENT  AND  REACTION  OUTPUT,  THREE  ELEMENT  PORTA  I  FRAME’ 
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FIGURE  I.IT-B.17<  STRESS  OUTPUT,  ELEMENT  HO.  1,  THREE  ELEMENT  PORTAL  FRAME 
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FIGURE  III -B. 19  STRESS  OUTPUT,  ELEMENT  NO.  3, 'THREE  ELEMENT  PORTAL  FRAME 
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C .  CANTILEVER  BEAM 


A  cantilever  beam  5 *  shown  in  Figure  III-C.l  along 
with  its  loading,  dimensions  and  pertinent  material  proper¬ 
ties.  The  beam  is  idealized  using  axial  force  members  and  a 
quadrilateral  shear  panel.  The  preprinted  input  data  forms 
associated  with  this  beam  are  displayed  in  Figures  III-C.2 
through  III-C.10. 

In  Figure  III-C.6  (Boundary  Condition  Section)  i.t 
is  interesting  to  note  the  use  of  the  MODAL  and  Repeat  options. 
There  are  two  exceptions  to  the  MODAL  card  (Grid  Points  2  and 
3).  Grid  Point  3  has  exactly  the  same  boundary  conditions 
as  Grid  Point  2,  therefore  the  Repeat  option  is  employed  by 
placing  an  'X'  in  Column  12  opposite  the  entry  for  Grid  Point  3. 
Note  that  the  2  exceptions  to  the  MODAL  card  are  called  out 
on  the  System  Control  Information  Data  Form  (Figure  III-C.4). 

In  Figure  III-C.7  (External  Loads  Section)  Grid 
Points  3  and  4  have  applied  external  loading.  Note  that  there 
are  2  external  load  cards  per  grid  point. 

In  Figure  III-C.9  (Element  Input)  the  MODAL  card  is 
used  for  Element  Numbers  2  and  3.  These  are  the  Axial  Force 
Members  parallel  to  the  X  Axis.  For  Element  Number  1,  the 
Quadrilateral  Shear  Panel,  the  thickness  of  0.0787  inches  is 
entered  in  Location  A.  Finally  for  Element  No.  4  the  cross- 
sectional  area  of  0.10  sq.  inches  is  entered.  The  area  for 
Element  No.  5  is  repeated  by  simply  placing  an  "X"  in  the 
repeat  column  opposite  the  entry  for  Element  No.  5. 
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FIGURE  III-C.i  -  Idealized  Cantilever  Beam 
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FIGURE  III-C.2  TITLE  INFORMATION,  CANTILEVER  3EAM 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 


3.  Number  of  Degrees  of  Freedom/Grid  Point 
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5.  Number  of  Initially  Displaced  Grid  Points 

6.  Number  of  Prescribed  Displaced  Grid  Points 
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Material  Tape. 
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FIGURE  III-C.4  SYSTEM  CONTROL  INFORMATION;.  CANTILEVER  BEAM 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


BOUNDARY  CONDITIONS 
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FIGURE  Ilf-C.8  Eli»T  CONTROL  BATA,  CANTILEVER  BEAM 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  Ill-C.g  ELEMENT  INPUT,  CANTILEVER  BEAM 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


CHECK  OR  END  CARD 


nCU**  III* C. 10  END  CARD,  CANTILEVER  BEAM 
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The  output  supplied  by  the  MAGIC  System  for  the  canti¬ 
lever  beam  is  as  follows; 

Figures  III-C.ll  thru  III-C.14  display  the  output  from  the 
Structural  Systems  Monitor.  These  figures  display  the  input  data 
pertinent  to  the  particular  problem  being  solved. 

Referring  to  Figure  III-C.l  it  is  seen  that  one  shear  panel 
and  four  axial  force  members  are  used  in  this  idealization. 
Element  Number  1  represents  the  shear  panel  while  Elements  2,  3, 
4,  and  5  represent  the  axial  force  members.  In  Figure  III-C.13, 
the  external  input  for  element  number  1  is  equal  to  0.07870. 

This  value  represents  the  thickness  of  the  quadrilateral  shear 
panel  being  employed.  For  elements  2  and  3  the  values  of  the 
external  input  are  equal  to  1.55  while  for  elements  4  and  5  the 
values  are  equal  to  0.10.  These  values  represent  the  cross- 
sectional  area  of  the  respective  axial  force  members. 

Figure  III-C.14  displays  the  transformed  external  assembled 
(unreduced)  load  column  for  this  problem.  This  vector  is  read 
row-wise  and  is  consistent  with  the  ordering  of  the  displacements 
displayed  in  the  Boundary  Condition  Section  shown  in  Figure 
III-C.12.  It  is  seen  from  this  vector  that  an  externally  applied 
load  of  -176. 4o  is  acting  at  node  point  3  in  the  negative  Y 
direction  and  a  force  of  -176.40  is  acting  at  node  point  4  also 
in  the  negative  Y  direction. 

Figure  III-C.15  shows  the  assembled  and  reduced  stiffness 
matrix  for  this  problem.  The  stiffness  matrix  is  presented 
row-wise  and  its  ordering  is  consistent  with  that  of  the  boundary 
conditions  shown  in  Figure  III-C.12.  For  this  case,  the  ordering 
of  the  displacement  vector  is  as  follows: 


Figure  III -C. 16  displays  External  Load,  Displacement  and  Reaction 
Information. 

The  Externally  Applied  Load  yector  (GPRINT  OF  MATRIX  LOADS)  is 
shown  first  in  Figure  III-C.16.  From  the  figure,  it  is  observed  that 
the  force  values  presented  correspond  to  forces,  Fy,  acting  in  the 
negative  Global  Y  direction  at  node  points  3  and  4.  The  magnitude 
of  each  force  component  is  equal  to  -176.40  Note  that  at  node  point 
4  the  degree-of -freedom  in  which  the  applied  force  is  acting  is 
bounded  out.  (See  Boundary  Condition  Information,  Figure  III-C.12.) 


The  displacements  for  this  application  are  also  shown  in 
Figure  III -C. 16.  It  is  noted  that  the  Displacements  (U,  V,  W, 

THETAX,  THETAY,  THETAZ)  are  output  corresponding  to  node  point 
number  and  are  referenced  to  the  global  axis  unless  otherwise 
specified. 

The  final  items  of  information  contained  in  Figure  III -C. 16 
are  the  Reactions,  (Fx,  Fy,  Fz,  M^,  My,  Mz)  which  are  output 

corresponding  to  node  point  number  and  are  referenced  to  the  global 
axis  unless  otherwise  specified. 

Stresses  for  J  e  Quadrilateral  Shear  panel  are  shown  in  Figure 
II1-C.17.  The  quadrilateral  shear  panel  is  described  by  one 
constant  shear  stress  value. 

Stresses  for  the  Frame  Elements  (Axial  Force  Members)  are 
shown  in  Figures  III-C.18  thru  III-C.21.  Description  of  stress 
behavior  for  the  axial  force  member  is  accepted  as  the  definition 
of  the  twelve  forces  (Fx,  Fy,  F^,  M^,  My,  Mz)  acting  at  the  two  grid 

point  connections.  (See  Figure  III-C.l  for  Element  Numbering.) 

Element  forces  for  this  application  are  displayed  in  Figures 
III -C. 22  thru  III-C.26.  These  forces  are  defined  with  respect  to 
the  Global  Coordinate  System.  Figure  III -C. 22  displays  the  element 
forces  for  the  Quadrilateral  Shear  Panel  Element.  This  element  is 
defined  by  four  node  points  and  six  forces  are  associated  with 
each  node  point.  For  this  application,  force  points  1,  2,  3,  and 

4  correspond  to  element  grid,  points  1,  2,  3,  and  4.  Figures  III-C.23 
thru  III-C.26  define  the  element  forces  for  Element  Numbers  2  thru 

5  respectively.  The  interpretation  of  these  forces  is  exactly 
the  same  as  those  in  the  previous  example  (Three  Element  Portal 
Frame,  Figures  III-B.20  thru  III-B.22). 
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FIGURE  III -c. 11  TITLE  AND  MATERIAL  DATA  OUTPUT,  CANTILEVER  BEAM 
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FIGURE  III-C;lU  TRANSF^RT-TET  EXTERNAL  AST-EMOTED  LOAP  COLUMN  OUTPUT,  CANTILEVER  BEAM 


FI  JURE  II1-C.18  STRESS  OUTPUT,  AXIA1.  FORCE  MEMBER  NO.  1,  CANTILEVER  BEAM 
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FISURE  I  ri-C.SO  STRESS  OUTPUT,  AXIAL  FORCE  MEMBER  NO.  3,  CANTILEVER  BEAM 
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FIGURE  IIT-C.22  .FORCE  OUTPUT,  QUADR I LATERAL  SHEAR  PANEL,  CANTILEVER  BEAK 
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D.  THICK  WALLED  DISK 


A  thick  walled  disk  under  the  influence  of  a  radi¬ 
ally  varying  thermal  loading  is  shown  in  Figure  III-D.l  along 
with  its  dimensions  and  pertinent  material  properties.  This 
disk  is  idealized  using  triangular  cross-section  ring  elements. 
The  preprinted  input  data  forms  associated  with  this  problem 
are  shown  in  Figures  III-D.2  through  III-D.10. 

In  Figure  III-D.3  (Material  Tape  Input  Section)  note 
that  2  material  (temperature)  points  are  entered  for  the 
material  in  question.  A  linear  interpolation  for  material 
properties  is  performed  for  temperatures  which  fall  between 
these  two  temperature  points. 

In  Figure  III-D.6  (Grid  Point  Temperature  Section) 
it  is  instructive  to  note  the  use  of  the  Repeat  Option.  Grid 
point  5  has  the  same  temperature  as  grid  point  1,  therefore 
the  Repeat  option  is  employed  by  placing  an  'X'  in  column  12 
opposite  the  entry  for  Grid  Point  Number  5.  This  same  pro¬ 
cedure  is  also  used  for  Grid  Points  2  and  3.  Note  that  the 
Grid  Points  are  not  entered  sequentially  allowing  the  use  of 
the  Repeat  option.  It  should  also  be  noted  that  the  tempera¬ 
ture  values  are  entered  in  Columns  13-22. 

In  Figure  III-D.7  (Boundary  Condition  Section)  it 
is  instructive  to  note  the  use  of  the  MODAL  option.  There  is 
only  1  exception  to  the  MODAL  card  and  this  is  Grid  Point 
Number  5.  This  exception  must  be  called  out  on  the  System 
Control  Information  Data  Form  (Figure  III-D.A). 

In  Figure  III-D.8  (External  Loads  Section)  the 
following  information  is  evident. 

(1)  One  load  condition  is  input 

(2)  The  External  Applied  Load  Scalar  equals  1..0 

(3)  The  MODAL  option  is  employed,  and  loads  of  0.0 
are  entered  in  tne  locations  corresponding  to 
F  ,  and  F  .  Note  that  this  is  the  only 

entry  required  (the  Moment  and  Generalized 
Values  are  ignored)  since  the  Triangular  Cross- 
Section  ring  has  three  degrees  of  freedom  per 
point  thus  requiring  only  one  external  load  card 
per  grid  point. 
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In  Figure  TII-D.9  (Element  Control  Data  Section)  it  is 
important  to  note  a  number  of  items. 

(1)  The  temperature  interpolate  option  (Col.  19) 
is  employed  for  all  three  elements.  The  '3' 
entered  in  this  location  tells  the  system 

to  average  the  three  node  point  temperatures 
for  each  element  and  use  this  average  tem¬ 
perature  when  establishing  material  properties 
from  the  material  tape. 

(2)  The  ncde  point  numbering  sequence  for  each 
element  is  very  important.  Note  that  each 
element  must  be  numbered  in  a  counter¬ 
clockwise  manner  when  looking  in  the  positive 
element  Y  (Q)  direction  (Figure  ITJ-D.l). 

Element  Input  is  not  required  for  this  problem. 
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FIGURE  III-D.2  TITLE  INFORMATION,  THICK  WALLED  DISK 


iBBii 


ICQKZlI 


•*»d  !H»»ld 
jo  joquinjj 


Ilmfll 

Itsamm 


•mi 

I.WW  WMd 


*dtx  HI(Jd 


ESI 


ifaai 


uoija.JiQ  *  >  ~ 


3|tM|d  PPV 


3:00  U0l|l  JO 
J>!»*ld 


3|doj>ot))jo 


3*dOJlOI| 


CUf 


3  in  I 


U0IJ3»J|Q  's  Y  X 


IK3B1 

5?L3~ 

;CZM 

HKH 

^  tti— 

«■ 

2  ■3*3 

"O' 

■dim 

1  KK3 

• 

■CQK1 

0 

JC'll 


'iFl 


lElil 


pH 

filial 


•poDipon 


H  » 


lEUI 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 


ENTER  APPROPRIATE  NUMBER,  RIGH‘1 
ADJUSTED,  IN  BOX  OPPOSITE 
APPLICABLE  REQUESTS 


1.  Number  of  System  Grid  Points 
?.  Number  of  Input  Grid  Points 

3.  Number  of  Degrees  of  Freedom/Grid  Point 

A.  Number  of  Load  Conditions 

5.  Number  of  Initially  Displaced  Grid  Points 

6,  Number  of  Prescribed  Displaced  Grid  Points 


7.  Number  of  Grid  Point  Axes  Transformation 
"vstems 


8.  Number  of  Elements 


9.  Number  of  Requests  and/or  Revisions  of 
Material  Tape. 


10.  Number  of  Input  Boundary 
Condition  Points 


11.  T  For  Structure  (With  Decimal  Point) 
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FIGURE  III-D.4  SYSTEM  CONTROL  INFORMATION,  THICK  WALLED  DISK 
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FIGURE  III-D.9  ELEMENT  gg^TROL  DATA,  THICK  WALLED  DISK 
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FIGURE  III-D.IO  END  CARD,  THICK  WALLED  DISK 
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The  output  supplied  by  the  MAGIC  System  for  the  thick  walled 
disk  is  as  follows: 

Figures  III-D.11  thru  III-D.14  display  the  output  from  the 
Structural  Systems  Monitor.  These  figures  display  the  input 
data  pertinent  to  the  particular  problem  being  solved. 

Figure  III-D.12  displays  the  coordinate  and  boundary  con¬ 
dition  information  for  this  problem. 

In  the  Gridpoint  Data  Section  note  that  node  points  1  and  5 
have  temperature  values  input  of  825.00  while  node  point  4  has  a 
temperature  of  481.25, 

In  the  Boundary  Condition  Section  note  that  there  are 
three  allowable  degrees  of  freedom  per  point  for  the  triangular 
ring  element  as  follows: 

(u,  o,  w) .  The  ordering  of  the  reduced  displacement  vector 
is  as  follows: 

{qj  T  =  wr  u2,  w2,  u3,  w3,  u^,  w4,  u^J 


Figure  III-D.14  displays  the  Transformed  External  Assembled 
Load  Column.  Note  that  these  loads  are  all  equal  to  zero  since 
this  is  a  thermal  stress  problem  and  thermal  loads  are  element 
applied  loads. 

MAGIC  System  output  of  final  results  is  shown  in  Figure 
III-D.15  thru  I II -D. 22. 

Figure  III-D.15  shows  the  assembled  and  reduced  stiffness 
matrix.  The  stiffness  matrix  is  presented  row-wise  and  only 
non-zero  terms  are  displayed.  The  ordering  of  the  stiffness 
matrix  is  consistent  with  that  of  the  boundary  conditions 
shown  in  Figure  II1-D.12.  For  this  case  the  order  of  the  displace¬ 
ment  vector  is  as  follows: 

fq]  =  ^1’  U2’  w2’  ^3*  ^3*  i  j 

The  thermal  load  vector  (GPRINT  OF  MATTIX  FT SLA )  is  displayed 
in  Figure  III-D.16.  These  forces  are  generated  at  the  element 
level  and  are  output  with  respect  to  node  point  number. 
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The  displacements  of  the  thick  walled  disk  which  result  from 
tne  imposed  temperature  distribution  are  also  presented  in 
Figure  IIT-D.16.  It  is  noted  that  displacements  (U,  V,  W) 
are  output  corresponding  to  node  point  number  and  are  referenced 
to  the  global  axis  unless  otherwise  specified. 

The  final  items  of  information  contained  in.  Figure  III-D.16 
are  the  Reactions.  The  reactions  are  listed  corresponding  to 
node  point  number.  Note  that  for  this  particular  application, 
the  reactions  are  effectively  equal  to  zero  which  results  from 
the  nature  of  the  thermal  loading  which  is  imposed. 

Stresses  for  each  Triangular  Ring  Element  are  shown  in 
Figures  III-D.17  thru  III-D.19.  All  stresses  are  evaluated  at 
the  element  centroids. 

The  stresses  for  each  element  are  defined  as  follows: 

V~  =  [e]{£?  -  {szael] 

where  from  Figure  III-D.17: 


[szael] 

M 


Apparent  Element  Stress 
Element  Applied  Stress 
Net  Element  Stress 


The  thermal  stress  correction  vector  {sZAEI,] 
particular  element  is  defined  as  follows: 


for  any 
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{  SZAEL  }  -  AT  [E]  {  } 


where  [  E  ]  is  the  material  property  matrix  which  has  the 
following  form 


B  i 

A 


E  (1  -0  0  1,  E  (0  -  0  0  ),  E  (0  <001,  O 

r'  ez  r.e'  ’  r  er  zr.  ez"  rK  zr  ze  er"  ' 

E  (1  -0  0  >  ,  E  (0  ,  9  0  ),  o 

ev  rz  z r '  ’  e'  ze  re  rr'' 


E  ( 1  -  0  3  1 

re  er'  ’ 


Symmetric 


whe  re 


A  -  (1-9  0  -00  -00  -OOO  -00  D  ) 

'  re  9r  ez  ze  zr  rz  re  ez  zr  rz  or  ze' 


i  «■  1 1  If*  <*7>  0  J 


e  ?‘ 


where  o<r  ,  o<.^  ,  and  o<7 are  the  coefficients  of  thermal 
expansion  in  the  r,  e.  and  z  directions  respectively. 

AT  is  the  difference  between  the  centroidai.  temperature  of 
the  element  and  the  equilibrium  temperature. 

Rewrite  the  material  properties  matrix  as  follows: 


511  K12  En 


Using  this  notation,  the  SZAEL  vector  (Element  Applied 
Stresses)  for  Element  No.  1  is  interpreted  as  follows: 


ELEMENT  NUMERICAL 
NUMBER _ ALGEBRAIC  VALUE _ VALUE 

l(J-r)  (En-<r  +  E12«<9  +  G13°Cz>  1959.37 
1  (cr9)  (E12-%  +  e22^9  +  E23«f2)  1959.37 
1  (<r~)  (E13‘X’  r  +  E23«-9  +  E33«r2)  1959-37 


The  stresses  for  Element  Numbers  2  and  3  (Figures  III-D.18  and 
19)  are  presented  in  exactly  the  same  manner  as  in  Figure  III-D.17. 

Element  forces  for  this  application  are  presented  in 
Figures  III-D.20  thru  III-D.22.  These  forces  are  defined  with 
respect  to  the  Global  Coordinate  System.  Each  Triangular  Ring 
Element  has  three  element  forces  defined  per  grid  point 
(Fr,  F@,  Fz).  For  Element  No.  1  (Figure  III-D.20)  Force  points 

1,  2  and  3  correspond  to  node  points  1,  2  and  4  respectively.  Forces 
for  Element  Numbers  2  and  3  are  defined  in  an  analogous  manner 
(Figures  IH-D.21  and  22). 
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LOAD  CtWOlUUN  NUHHfcK 


E.  THIN  WALLED  CYLINDER,  EDGE  LOADING 

A  thin  walled  cylinder  is  shown  in  Figure  III-E.l, 
along  with  its  loading,  dimensions,  and  pertinent  material 
properties.  This  cylinder  is  idealized  using  two  toroidal 
thin  shell  ring  elements.  The  preprinted  input  data  forms 
associated  with  this  cylinder  are  shown  in  Figures  III-E.2 
through  III-E.10. 

In  Figure  III-E.6  (Boundary  Condition  Section)  the 
User  should  note  that  all  nine  degrees  of  freedom  are  re- 
auired  for  the  Toroidal  Ring  Element  (u,  0,  w,  0,  Qy  ,  0,  u'  , 
0,  w"). 


In  Figure  III-E.7  (External  Loads  Section)  the 
following  items  are  evident. 

(1)  One  load  condition  is  entered. 

(2)  The  External  Applied  Lead  Scalar  is  equal  to 
zero . 

(3)  Grid  point  number  2  is  loaded  by  the  following 
load  in  the  X(R)  direction. 

Fr  =  188495.4  lbs.  This  load  was  determined 
as  follows  (From  Figure  III-E.l). 

Fr  =  (1500  lbs. /in. )(2nr) 

Fr  *  ( 1500) ( 2 ) (3 . 1*0 ( 20)  =  168,495.4  lbs. 

The  value  which  is  entered  for  the  applied  moment 
was  determined  as  follows:  (From  Fiugre  III-E.l). 

/r.\  =  (1000  in. -lb. /in. )  (2irr)  = 

125,663.6  in. -lb. 

(4)  All  three  entries  are  filled  in  for  the 
Toroidal  Ring  because  this  element  re¬ 
quires  three  external  lead  cards  per  grid 
point . 

In  Figure  III-E.9  (Element  Input  Section)  only  the 
MODAL  entry  is  employed.  This  means  that  the  two  Toroidal  Ring 
elements  employed  in  this  analysis  have  identical  Element 
Input  as  follows: 

Location  A  -  Thickness  =  3.0  inches 


Location  B  -  TCj.1  =  G.O  (This  code  detern!nes  the 

axis  of  reference  for  the  dis¬ 
play  of  displacement  behavior, 
in  this  case  the  axis  of  refer¬ 
ence  i s  global ) . 

Location  C  -  Alpha  1  =  ^ U .  o  Lr.rrees 

Location  D  -  Alpha  2  =  d'J.G  Legrces 

For  a  review  of  the  required  Ller.ent  Ini  ut  fo-  ‘.he 
Toroidal  Ring  the  reader  is  referred  to  .lection  r" -C  . V. .  d  . 


IAC  loll 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 


ENTER  APPROPRIATE  NUMBER,  RIGH' 
ADJUSTED,  IN  BOX  OPPOSITE 
APPLICABLE  REQUESTS 

1.  Number  of  System  Grid  Points 

2.  Number  of  Input  Grid  Points 

3.  Number  of  Degrees  of  Freedom/Grid  Point 

4.  Number  of  Load  Conditions 


5.  Number  of  Initially  Displaced  Grid  Points 

6.  Number  of  Prescribed  Displaced  Grid  Points 

7.  Number  of  Grid  Point  Axes  Transformation 
Systems 

8.  Number  of  Elements 

9.  Number  of  Requests  and/or  Revisions  of 
Material  Tape. 

10.  Number  of  Input  Boundary 
Condition  Points 

11-  T  For  Structure  (With  Decimal  Point) 


29  30 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


BOUNDARY  CONDITIONS 

INPUT  CODE  •  0  ■  Nr  rvif;ii*c;-mtnt  Allowed 

1  •  Unknown  Uitpltcwntm 

2  •  Known  Displ«c#m«nt 


FIGURE  III-E.6  BOUNDARY  CONDITIONS,  THIN  WALLED  CYLINDER 

V  6 


FIGURE  III-E.8  ELEMENT  CONTROL  DATA,  .THIN  WALLED  CYLINDER 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  III-E.Q  ELEMENT  INPUT,  THIN  WALLED  CYLINDER 
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The  output  supplied  by  the  MAGIC  System  for  the  cylindrical 
shell  subjected  to  edge  .loading  is  as  follows: 

Pigures  III-E.ll  through  III-E.15  display  the  output  from 
the  Structural  System  Monitor.  These  figures  display  the  input 
data  pertinent  to  the  particular  problem  being  solved. 

Figure  III-E.12  displays  the  coordinate  and  boundary  condi¬ 
tion  information  for  this  problem.  In  the  Boundary  Condition 
Section,  note  that  there  are  9  degrees  of  freedom  per  point  for 
the  toroidal  ring  element  as  follows: 

u,  o,  w,  o,  Qy,  o.  u* ,  o,  w" 

The  reader  is  referred  to  Section  II.C-l6.d  of  this  report 
for  a  complete  description  of  the  meaning  and  significance  of 
the  above  degrees  of  freedom. 

In  Figure  III-E.13  the  finite  element  information  is  dis¬ 
played.  Under  the  section  External  Input  for  Elements  1  and  2 
the  first  entry  printed  is  the  element  thickness  of  3.00.  The 
next  entry  printed  is  the  control  input,  TC0,  which  defines  the 
axis  of  reference.  In  this  case  TC0  «  0.0  which  causes  the 
displacement  behavior  .tc  be  referenced  to  the  Global  System  Axis. 
The  next  two  entries  printed  are  the  quantities  ai  and  02  res¬ 
pectively.  These  are  defined  as  the  angles  measured  in  degrees 
from  the  axis  of  symmetry  to  a  line  which  is  perpendicular  to  the 
tangent  to  the  surface  at  node  points  1  and  2  respectively. 

Since  this  particular  problem  is  a  cylinder,  cu  *  02  *  90.0 
degrees. 

MAGIC  System  output  of  final  results  is  showf.  in 
Figures  III-E.15  through  III-E. 


Figure  III-E.15  shows  the  assembled  and  reduced  stiffness 
matrix.  The  stiffness  matrix  is  presented  row-wise  and  only 
non-zero  terms  are  displayed.  The  order? ng  of  the  stiffness 
matrix  is  consistent  with  that  of  the  boundary  conditions  shown 
in  Figure  III-E.12.  For  this  case  the  order  of  the  displace¬ 
ment  vector  is  as  follows: 


{q}T  «  [u2»  W2,  U2*»  W2»,  W2",  Uj,  W J ,  Uj’,  Wj » ,  WjJ 
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The  externally  applied  loads  for  this  application 
(G PRINT  OF  MATRIX  LOADS)  are  presented  in  Figure  III-B;„l6.  The 
loads  are  listed  against  node  point -number .  From  the  listed 
loads,  it  is  seen  that  the  first  non-zero  force  corresponds  to 
an  applied  force  of  188500.0  acting  in  the  R  direction  at  node 
point  3,  while  che  second  is  the  applied  moment  of  125660.0 
causing  bending  about  the  Y  (6)  ax4s  (MBETA) .  Note  that  the 
generalized  forces  (F^,  0,  and  F^)  are  all  equal  to  0.0. 

Figure  III-E.17  presents  the  displacements  for  this 
application.  These  displacements  are  output  referenced  to  node 
point  number  and  the  Global  Axis  of  Reference.  (Unless  otherwis 
indicated  by  the  code  TC0  =  -1.0  in  the  Element  Input  Section.) 

The  Reactions  are  presented  in  Figure  III-E.18.  Note 
that  they  are  listed  according  to  node  point  number  and  have 
components  (Fj.,  0,  F^,  0,  M^,  0,  F^,  0,  F^) . 

Figures  III-E.19  and  III-E.20  present  the  stresses  for 
Toroidal  Thin  Shell  Elements  (1)  and  (2)  respectively.  In  the 
toroidal  ring  element,  stresses  are  evaluated  at  the  two  ends 
of  the  element  as  well  as  at  the  midspan  of  the  element. 
Referring  to  Figure  III-E.19*  note  that  Stress  Point  1 
corresponds  to  Element  Grid  Point  No.  ©while  Stress  Point  2 
corresponds  to  Grid  Point  No.  G  Stress  Point  3  corresponds 
to  the  element  midspan  position. 


units. 


force 

length 


where  ,'l2^ 


1  a  B 

B  H 


and  B  is  a  metric  parameter  which  is  explicitly  defined  in 
Volume  I,  Section  7,  Equation  l8o. 
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The  element  forces  are  presented  in  Figures  III-E.21  and 
III-E.22. 

Nine  forces  are  defined  per  node  point  which  correspond 
to  the  nine  displacement  degrees  of  freedom  per  point,  i.e., 

^DispJ  T  =■-  [u,  o,  w,  o,  ©  ,  o,  u',  o,  w"J 

The  interpretation  of  the  forces  is  dependent  upon  the  code 
TC0  which  was  used  in  the  element  input  section.  A  code  of  TC0 
=  -1.0  references  the  displacement  behavior  and  the  force 
behavior  to  the  element  axes.  A  code  of  TC0  =  0.0  (which  was 
used  in  this  particular  problem)  references  the  displacement 
force  behavior  to  the  Global  System  Axis.  The  ordering  of  the 
force  output  is  as  follows: 

|^Force|  =  ^Fp,  ^l*  F3  J 

where  FR  is  the  force  in  the  system  radial  direction 

Fg  is  the  force  in  the  system  axial  direction 

M £  is  the  meriodional  moment 

F-  and  F,,  are  the  generalized  forces  corresponding  to 
^  the  u'  and  w"  respectively 

Note  again  that  for  this  particular  problem,  the  forces  are 
referenced  to  the  Global  .System 'Axes.  If  the  Code  TC0  =  -1.0 
would  have  been  used  the  force  behavior  would  have  been 
referenced  to  the  element  axis  and  wpuid  have  had  the  following 
form: 

{Force}  T  =  o,  Fn>.  0,  ,M  ,  o,  Fj,  o,  Fj  J 

where  F„  is  the  membrane  force 

m 

F_  is  the  normal,  force 
n 

.  is  the  mectodional  moment 

F,  and  F~  are  the  generalized  forces  corresponding  to 

'L  3  the  u'  and  w!l  respectively. 

From  Figure  III-E.2L  (Element  No.  1)  note  that  Force  Point  1 
corresponds  to  Grid  Point  ©and  Force  Point  2  corresponds  to  Grid 
Point  Q.  In  Figure  III-E.22^  (Element  No.  2)  Force  Point  1  corresponds 
to  Grid  Point  ©and  Force  Point  Z  corresponds  to  Grid  Point©. 
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FIGURE  III-E.X2  GRIDPOINT  DATA  AND  BOUNDARY  CONDITION  OUTPUT 
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FIGURE  III-E.16  LOAD  OUTPUT,  THIN  WALLED  CYLIND1 
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FIGURE  III-E.18  REACTION  OUTPUT,  THIN  WALLED  CYLINDER 
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FIGURE  I II -E. 20  STRESS  OUTPUT,  ELEMENT  NO.  2  THIN  WALLED  CYLINDER 
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FIGURE  III-E.22  FORCE  OUTPUT,  ELEMENT  NO.  2,  THIN  WALLED  CYLINDER 


P.  SQUARE  PLATE  -PARABOLIC  MEMBRANE  LOADING  (Quadrilateral 
Thin  Shell  Idealization) 

An  isotropic,  square  plate  under  the  action  of  a 
parabolic  membrane  loading  is  shown  in  Figure  III-F.l,  along 
with  its  dimensions  and  pertinent  material  properties.  The 
plate  is  idealized  utilizing  one  quadrilateral  thin  shell  ele¬ 
ment  . 

The  preprinted  input  data  forms  associated  with  this 
example  are  shown  in  Figures  III-F.2  through  III-F.10. 

In  Figure  III-F.5  (Grid  Point  Coordinate  Section)  it 
can  be  seen  that  only  the  grid  point  coordinates  for  the  four 
corner  points  of  the  element  are  entered.  The  coordinates 
associated  with  mid-point  nodes  are  calculated  internally  by 
the  MAGIC  System. 

In  Figure  III-F.6  (Boundary  Condition  Section)  It  is 
instructive  to  note  the  extensive  use  of  the  Repeat  option. 

Grid  point  5  has  identical  boundary  conditions  as  grid  point  2, 
therefore  the  Repeat  option  is  exercised  by  placing  an  'X*  in 
column  12  opposite  the  entry  for  Grid  Point  Number  5.  The 
same  procedure  is  also  used  for  Grid  Points  3,  and  7  as  well 
as  for  Grid  Points  4  and  8.  (MODAL  entry  pertains  to  Grid 
Point  1  and  to  Grid  Point  6  which  is  suppressed) . 

In  Figure  III-F.7  (External  Loads  Section)  Grid 
Points  2  and  3  have  applied  external  loading.  Note  that  there 
are  2  external  load  cards  per  grid  point. 

In  Figure  III-F.8  (Element  Control  Data  Section)  the 
following  information  is  of  importance. 

(1)  Mid-point  node  number  6  is  suppressed.  The 

element  is  therefore  numbered  1,  2,  3,  5>  0, 

7,  8.  These  entries  are  made  in  the  first 
eight  locations  of  the  node  point  section  as 
shown  in  Figure  III-F.8. 

(2)  The  numbers  ’1'  and  * 2 *  are  entered  in  loca¬ 
tions  9  and  10  of  the  node  point  portion  of  the 
Element  Control  Section.  These  two  points  de¬ 
fine  the  X  direction  for  the  material  proper¬ 
ties  axes.  This  allows  the  User  to  effective¬ 
ly  define  stress  output  direction.  The  same 
two  points  used  for  the  reference  element  can 
also  be  used  for  each  following  element  (if 
they  exist)  so  that  the  output  has  a  common 
reference . 
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FIGURE  III  -  ?.l  -  Idealized  Square  Plate  With  ParabolicvMenfcrane  loading 
(Quadrilateral  Thin  Shell  Idealization} 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  III-F.2  TITLE  INFORMATION,  SQUARE  PLATE  (QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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FIGURE  III-F.R  MATERIAL  TAPE  INPUT,  SQUARE  PLATE  (QUADRILATERAL  THIN  SHELL  IDEALIZATION ) 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 


M  (/) 


2.  Number  of  Input  Grid  Points 

3.  Number  of  Degrees  of  Freedom/Grid  Point 

4.  Number  of  Load  Conditions 

5.  Number  of  Initially  Displaced  Grid  Points 

6.  Number  of  Prescribed  Displaced  Grid  points 

7.  Number  of  Grid  Point  Axes  Transformation 
Systems 

8.  Number  of  Elements 


9.  Number  of  Requests  and/or  Revisions  of 
Material  Tape. 
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10.  Number  of  Input  Boundary 
Condition  Points 


11.  T  For  Structure  (With  Decimal  Point) 
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FIGURE  III-P.4  SYSTEM  CONTROL  INFORMATION,  SQUARE  PLATE 
(QUADRILATERAL  THIN  SHELL  IDEALISATION) 
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BAC  1626-1 

MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 

BOUNDARY  CONDITIONS 


INPUT  CODE  •  0  •  No  Displacement  Allowed 

1  -  Unknown  Displacement 

2  •  Known  Displacement 


FIGURE  III-F.6  BOUNDARY  CONDITIONS,  SQUARE  PLATE 

(QUADRILATERAL  THIN  SHELL  IDEALIZATION)  336 


FTfliIHE  III-F."  EXTEnKAI.  WADS,  S4uARE  FLATE 

(QUaDFIIATZHAL  fHIK  SHEW  IDEALIZATION) 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  III-F.o  ELEMENT  INPUT,  SQUARE  PLATE 

(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 


INPUT  DATA  FORMAT 


CHECK  OR  END  CARD 
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FIGURE  III- F. 10  END  CARD,  SQUARE  PLATE 

(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 


The  output  supplied  by  the  MAGIC  System  for  the  thin 
square  plate  subjected  to  parabolic  loading  and  idealized  with 
one  quadrilateral  thin  sheil  element  is  as  follows: 

Figures  III-F.11  thru  III-F.13  display  the  output  from  the 
Structural  Systems  Monitor.  These  figures  record  the  input  data 
pertinent  to  the  problem  being  solved. 

In  Figure  III -F. 12,  the  finite  element  information  is  shown. 
Under  the  section  titled  External  Input,  the  first  entry  printed 
has  a  numerical  value  of  O.C999999*  This  value  is  equal  to  the 
membrane  thickness  of  the  plate  being  analyzed. 

Figure  III-F.13  displays  the  External  Load  Column  for  this 
problem.  The  48  x  1  vector  shown  in  the  figure  is  the  total 
unreduced  transformed  external  load  column  which  is  read  row-wise. 
The  ordering  is  consistent  with  that  of  the  boundary  condition 
information  shown  in  Figure  III-F.12.  An  external  load  of  667.6? 
is  applied  at  node  point  2  and  also  a  load  of  400.0  is  applied  at 
note  point  3,  both  in  the  positive  Global  X  direction 

MAGIC  System  output  of  final  results  is  shown  in  Figures 
III-F.14  thru  III-F.19.  Figure  III-F.14  shows  the  reduced  stiff¬ 
ness  matrix  for  this  problem.  Only  non-zero  terms  in  the  stiffness 
matrix  are  displayed.  The  stiffness  matrix  is  presented  row-wise 
and  its  ordering  is  consistent  with  that  of  the  boundary  conditions 
shown  in  Figure  III-F.12.  For  this  case,  the  ordering  of  the 
displacement  vector  is  as  follows: 


The  externally  applied  loads  for  this  application  (GPRINT 
OF  MATRIX  LOADS)  are  presented  in  Figure  III-F.15.  The  loads  are 
listed  against  node  point  number.  It  is  to  be  noted  that  node 
points  2  and  3  have  forces  (Fx)  equal  in  numerical  value  to  667.6? 
and  400.0  respectively.  Both 'of  these  forces  are  acting  in  the 
positive  Global  X  direction. 

Figure  III-F.16  presents  the  displacements  for  this  applica¬ 
tion.  These  displacements  are  output  referenced  to  node  point 
number  and  the  Global  Axis  of  reference. 

The  Reactions  are  presented  in  Figure  III-F.17.  Note  that 
they  are  listed  according  to  node  point  number  and  have  components 
R^  and  R^. 

Figure  III-F.18  presents  the  stresses  for  the  Quadrilateral 
Thin  Shell  Element.  Eight  stress  resultants  are  evaluated  at 
each  corner  point  of  the  element  and  also  at  the  intersection 
of  the  diagonals  which  connect  the  opposite  corner  points  of 
the  element.  The  stress  resultants  are  defined  as  follows: 
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The  following  sketches  show  the  proper  manner  in  which  to 
interpret  the  stress  resultants. 
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Returning  to  Figure  III-F.18,  it  is  noted  that  there 
are  five  stress  points  at  which  the  stress  resultants  are 
evaluated.  These  correspond  to  element  grid  points  1,  2,  3, 
and  4.  The  fifth  stress  point  corresponds  to  the  stresses 
evaluated  at  the  element  centroid.  The  stresses  are 
in  general  referenced  to  the  element  coordinate  system.  For 
the  quadrilateral  or  triangular  thin  shell  elements,  however, 
the  User  has  the  option  of  specifying  material  or  stress  axes 
in  order  to  effectively  define  stress  output  direction.  This 
is  accomplished  by  utilizing  locations  9  and  10  or  11  and  12 
of  the  node  point  portion  of  the  Element  Control  Section.  In 
this  particular  problem  the  numbers  '1'  and  '2'  were  entered 
jn  locations  9  and  10  of  the  node  point  portion  of  the 
Element  Control  Section.  These  two  points  define  the  X 
direction  of  the  material  properties  axes.  (Positive  X  from 
node  point  1  to  node  point  2.)  This  axis  of  reference  then 
becomes  the  reference  axis  for  the  stress  output. 

The  element  forces  for  the  Quadrilateral  Thin  Shell 
Element  are  displayed  in  Figure  III-F.19.  The  forces 
(Fx,  Fy,  Fz,  M^,  My,  Mz)  are  defined  with  respect  to  the  Global 

Coordinate  System.  The  forces  are  defined  at  eight  points 
on  the  element.  The  first  four  points  are  corner  points 
(Element  Grid  Points  1,  2,  3,  and  4),  and  the  last  four  points 
are  mid-points  (Element  Grid  Points  5,  0,  7,  8).  Note  that 
one  of  the  mid -side  nodes  was  suppressed  in  this  analysis, 
corresponding  to  would-be  grid  point  6;  therefore,  there  are 
no  element  forces  evaluated  at  this  particular  point. 
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THW  c  ISCTRCFIC  HATE  SUBJECTED  TO  A  SEL? 

EQUILIRRATIN6  EMUM1C  HEMRRANE  LOAOINC-ONE  OMASA ILATERAL 
TM1H  SMELL  ELENEAT  USED  IN  THE  IOCAL MATION.MIOPOINT  NODE  ON 
THE  LOADED  EOCE  IS  SUPPRESSED  IN  THIS  ANALYSIS 
REFERENCE-  TIMOSHENKO'S.  A NO  COOOIERtJ.N. ,  THEORY  OF  ELASTICITY 


FIGURE  IH-F.il  TITLE  AND  MATERIAL  DATA  OUTPUT,  SQUARE  PLATE  (QUADRILATERAL  THIN  SHELL  IDEAH  ZATION) 
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FIGURE  IIT-F.14  REFUGED  STIFFNESS  MATRIX  OUTPUT,  SQUARE  PLATE  (QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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FI0U3E  III -F. 19  ELEMENT  FORCE  OUTPUT,  SQUARE  PLATE  ( QUADRILATERAL  TH 


G.  SQUARE  PLATE  -  NORMAL  PRESSURE  LOADING  - 

(Quadrilateral  Thin  Shell  Idealization) 

A  simply  supported  isotropic  square  plate,  under  the 
action  of*  normal  pressure  loading  is  shown  in  Figure  III-G.l 
along  witn  its  dimensions  and  pertinent  material  properties. 
This  plate  is  Idealized  utilizing  one  quadrilateral  thin 
shell  element. 

The  preprinted  input  data  forms  associated  with  this  ex¬ 
ample  are  shown  in  Figures  III-G.2  through  III-G.ll. 

In  Figure  III-G.5  (Gridpoint  Coordinate  Section)  it  can 
be  seen  that  only  the  gridpoint  coordinates  for  the  four  cor¬ 
ner  points  of  the  element  are  entered.  The  coordinates  asso¬ 
ciated  with  mid-point  modes  are  calculated  internally  by  the 
MAGIC  System. 

In  Figure  III-G.6  (Gridpoint  Pressure  Section)  the  MODAL 
entry  is  used  for  the  input  pressure  values.  This  entry 
means  that  the  normal  pressures  are  acting  at  every  grid  point 
with  a  value  of  -1.0  psi.  The  sign  of  the  pressure  is  minus 
since  its  direction  is  in  the  negative  element  Zgdirection. 

In  Figure  III-G.7  (Boundary  Condition  Section)  it  is  in¬ 
structive  to  note  the  nature  of  the  boundary  conditions  which 
apply  to  each  grid  point  (see  Figure  III-G.l).  Let  us  ex¬ 
amine  the  Listed  Input  (Exceptions  to  the  MODAL  Card)  first. 

(1)  Grid  Point  Number  1  (center  of  plate)  has  an  unknown 
displacement  in  the  w  direction,  all  others  are  zero 
due  to  symmetry. 

(2)  Grid  Point  Number  2  has  an  unknown  rotation,  0  . 

The  others  are  Zero  due  to  the  fact  that  the  grid- 
point  2  is  a  point  of  simple  support. 

(3)  Grid  Point  Number  3  has  all  degrees  of  freedom 
fixed.  This  is  due  to  the  fact  that  this  is  the 
point  where  the  simple  supports  meet  restricting  ro¬ 
tation  in  the  ©x  and  ©  directions. 

(4)  Grid  Point  Numbers  5  and  8  are  repeated  and  also 

have  all  degrees  of  freedom  fixed.  These  are  mid¬ 
side  nodes  and  the  only  possible  degrees  of  freedom 
allowed  are  u,  v,  and  9  (9  normal).  Since  this  is 

a  pure  bending  problem,  u  and  v  are  equal  to  zero. 
Since-  Grid  Points  5  and  8  lie  along  symmetric  boun¬ 
daries  9  equals  zero. 
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FIGURE  III  -  G.l  -  Idealized  Simply  Supported  Plate  with  Normal  Pressure 
Loading  (Quadrilateral  Thin  Shell  Idealization) 


The  MODAL  card  is  now  examined  for  the  remaining  grid 
points.  Since  Grid  Point  Numbers  1,  2,  3,  5,  and  8  were 
called  out  under  Listed  Input,  the  MODAL  entry  pertains  to 
Grid  Point  Numbers  k ,  6,  and  f. 

(1)  Grid  Point  Number  4  has  an  unknown  rotation,  9  . 

The  others  are  zero  since  Grid  Point  4  is  a 
point  of  simple  support. 

(2)  Grid  Points  6  and  7  are  mid-side  nodes  and  the 
only  possible  degrees  of  freedom  allowed  are  u,  v, 
and  ©n  (9  normal).  Since  this  is  a  pure  bending 
problem,  u  and  v  are  equal  to  zero.  However, 
there  is  an  unknown  slope  9  ,  associated  with 
these  grid  points.  The  Code  (0,  1,  2)  associated 
with  these  normal  slope  values  is  always  entered 
in  the  9  location  for  consistency. 

A 

In  Figure  III-G.8  (External  Loads  Section)  the  follow¬ 
ing  information  is  evident. 

(1)  One  load  condition  is  input 

(2)  The  External  Applied  Load  Scalar  equals  1.0 

(3)  The  MODAL  option  is  employed  and  External  Force 
and  Moment  values  of  0.0  are  entered  in  the  appro¬ 
priate  locations.  Since  the  Quadrilateral  Thin 
Shell  Element  is  formulated  wit n  six  degrees  of 
freedom  per  point,  two  external  load  cards  per 
grid  point  are  required. 

The  Element  Applied  Load  Scalar  was  set  equal  to  1.0 
because  of  the  following: 

Total  Load  =  External  Loads  +  EALS  (Element  Applied  Loads) 
Since  the  External  Loads  are  equal  to  zero,  and  the  EALS  - 
1.0 

Total  Load  =  Element  Applied  Load 

These  are  the  correct  loads  since  for  this  case  the 
Element  Applied  Loads  are  equal  to  the  normal  pressure  loads. 

In  Figure  III-G.9  (Element  Control  Data  Section)  the 
following  information  is  of  importance. 


(1)  The  numbers  *  1  *  and  '2'  are  entered  in  locations 
11  and  12  of  .the  node  point  portion  of  the  Ele¬ 
ment  Control  Section.  These  two  points  define 
the  direction  of  the  (X)  stress  axis.  With  this 
definition,  the  stresses  in  the  other  directions 
retain  their  proper  oriertation  with  respect  to 
this  axis.  It  should  be  noted  that  the  stress 
axis  determination  is  element  related  and  there¬ 
fore  if  locations  11  and  12  are  used  for  stress 
directions,  then  each  following  element  (if  they 
exist)  must  be  considered  separately  and  node 
points  related  to  that  particular  element  would  be 
used  in  determining  the  stress  direction. 

In  Figure  III-G.10  (Element  Input  Section)  only  one 
item  of  information  is  entered  in  Location  B  as  follows: 

Location  B  -  Flexural  Thickness  (t^.)  =  0.10 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  III-G.2  TITLE  INFORMATION,  SIMPLY  SUPPORTED  PLATE 
(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 


FIGURE  III-G.3  MATERIAL  TAPE  INPUT,  SIMPLY  SUPPORTED  PLATE  (QUADRILATERAL  THIN  SHELL  IDEALIZATION) 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 
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3.  Number  of  Degrees  of  Freedom/Grid  Point 

Number  of  Load  Conditions 

5.  Number  of  Initially  Displaced  Grid  Points 

6.  Number  of  Prescribed  Displaced  Grid  Points 


7.  Number  of  Grid  Point  Axes  Transformation 
Systems 


8.  Number  of  Elements 
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Material  Tape. 


10.  Number  of  Input  Boundary 
Condition  Points 


11.  T  For  Structure  (With  Decimal  Point) 
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FIGURE  III-G.4  SYSTEM  CONTROL  INFORMATION,  SIMPLY  SUPPORTED 
PLATE  (QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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FIGURE  III-G.5  GRID POINT  COORDINATES,  SIMPLY  SUPPORTED  PLATE 
(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


BOUNDARY  CONDITIONS 


FIGURE  III-G.7  BOUNDARY  CONDITIONS,  SIMPLY  SUPPORTED  PLATE 
(QUADRILATERAL  THIN  Sjg|LL  IDEALIZATION) 
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FIGURE  III-G.9  EXTERNAL  LOADS,  SIMPLE  SUPPORTED  PLATE 
(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 


CLEM _ MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 

mssm  INPUT  DATA  FORMAT 


FIGURE  III-G.9  ELEMENT  CONTROL  DATA,  SIMPLY  SUPPORTED  PLATE 
(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  III-G.IO  ELEMENT  INPUT,  SIMPLY  SUPPORTED  P 
(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 


INPUT  DATA  FORMAT 


CHECK  OR  END  CARD 
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FIGURE  III-G.ll  END  CARD,  SIMPLY  SUPPORTED  PLATE 

(QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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The  output  supplied  by  the  MAGIC  System  for  the  simply 
supported  isotropic  square  plate  subjected  to  a  normal  pressure 
load  and  idealized  using  one  quadrilateral  thin  shell  element 
is  as  follows: 

Figures  III -G.  12  thru  III-G.14  display  the  output 
from  the  Structural  Systems  Monitor.  These  figures  record 
the  input  data  pertinent  to  the  problem  being  solved. 

The  Gridpoint  Data  Information  is  shown  in  Figure  III-G.13. 
.Note  that  pressures  of  -1.0  psi  are  applied  at  each  gridpoint. 

The  finite  element  information  is  also  shown  in  Figure  III-G.13. 
Under  the  section  titled  external  Input,  the  second  entry  has 
a  numerical  value  of  0.09999999.  This  value  is  equal  to  the 
flexural  thickness  of  the  plate  being  analyzed. 

Figure  III-G.14  displays  the  Transformed  External  Assem¬ 
bled  Load  Column.  Note  that  these  loads  are  all  equal  to  zero 
since  input  pressures  are  element  applied  loads. 

MAGIC  System  level  output  of  final  results  is  shown  in 
Figures  III-G.15  thru  III-G.20. 

Figure  III-G.15  shows  the  assembled  and  reduced  stiffness 
matrix.  The  stiffness  matrix  is  read  row-wise  and  only  non-zero 
terms  are  displayed.  The  ordering  of  the  stiffness  matrix  is 
consistent  with  that  of  the  boundary  conditions  shown  in 
Figure  III-G.13.  For  this  case  the  displacement  vector  is 
ordered  as  follows: 


fqj  -  |wi>  ey2,  ©x4,  ©n6,  ©^ 

Where  ©ni  =  normal  slope  at  node  point  i 

Figure  III-G.16  displays  the  Element  Applied  Loads 
(GPR1NT  OF  MATRIX  FTELA ) .  Note  that  the  components  of  load 
which  arise  from  the  uniform  normal  pressure  are  output  against 
node  point  number.  It  is  also  to  be  noted  that  all  membrane 
components  of  load(Fx  and  Fy)  are  equal  to  zero.  This  arises 

since  membrane  and  bending  action  are  uncoupled  and  the  only 
forces  generated  by  the  work  equivalent normal  pressure  loads 
are  Fz,  Mx  and  My. 
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The  displacements  for  this  application  are  presented  in 
Figure  III-G. 17.  Note  that  rows  6  and  7  correspond  to  mid¬ 
side  grid  points  6  and  7.  The  THETAX  values  of  -0.11730331 
correspond  to  the  normal  slopes  at  these  mid-points.  This 
is  true  since  mid-side  nodes  have  only  U,  V,  and  6n  degrees 

of  freedom.  In  addition,  the  displacements  are  referenced  to 
the  Global  Axis  unless  otherwise  indicated. 

Figure  III-G.13  displays  the  reactions  for  this 
application.  These  reactions  are  listed  against  grid  point 
number  and  are  referenced  to  the  Global  Coordinate  System. 

Stress  resultants  for  the  Quadrilateral  Thin  Shell 
Element  are  shown  in  Figure  III-G.19.  Eight  stress  resultants 
are  evaluated  at  each  corner  point  of  the  quadrilateral  and 
also  at  the  diagonal  intersection,  yielding  a  total  of  40 
stress  resultants  per  element. 

The  stress  resultants  for  the  quadrilateral  thin  shell 
were  explicitly  defined  in  Section  III-G  (Square  Plate-Parabolic 
Membrane  Loading).  Sketches  were  also  provided  to  facilitate 
proper  interpretation  of  the  stress  resultants. 

The  stress  vector  is  in  general  referenced  to  the  element 
coordinate  system.  For  the  quadrilateral  or  triangular  thin 
shell  elements  however,  the  User  har  the  option  of  specifying 
material  or  stress  axes  in  order  to  effectively  define  stress 
output  direction.  This  is  accomplished  by  utilizing  locations 
9  and  10  or  11  and  12  of  the  node  point  portion  of  the  Element 
Control  Section.  In  this  particular  problem  the  numbers  '1' 
and  '2'  were  entered  in  locations  11  and  12  of  the  node  point 
portion  of  the  Element  Control  Section  for  Element  Number  1. 
These  two  points  define  the  X  direction  of  the  stress  axis 
(positive  X  from  node  point  1  to  node  point  2).  These  axes 
of  reference  then  become  the  reference  stress  axis. 

Note  that  the  stresses  are  evaluated  at  five  stress 
points  1  thru  5.  The  first  four  correspond  to  the  four  corner 
points  of  the  element  (Node  points  1  thru  4)  while  the  fifth 
point  corresponds  to  the  element  centroid. 

Element  forces  for  the  quadrilateral  thin  shell  element 
are  presented  in  Figure  III-G. 20,  These  forces  are  defined  with 
respect  to  the  Global  Coordinate  System.  The  element  forces  are 
evaluated  at  eight  points.  The  first  four  points  (1  thru  4) 
and  the  last  four  points  are  mid-points  (node  points  5  thru  8). 
Note  that  the  mid-side  nodes  have  allowable  degrees-of-freedom 
equal  to  U,  V  and  normal  slope  (9  ), 
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REVISIONS  Of  MATERIAL  TARE 


FIGURE  III-0.12  TITLE  AND  MATERIAL  DATA  OUTPUT,  SIMPLY  SUPPORTED  PLATE  (QUADRILATERAL  THIN  SHELL  IDEALIZATION) 
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TOTAL  vNO*  ELtKtNTS 


EXTERNAL  LOAD  CONDITIONS 


FIGURE  I I 1-0.14  TRANSFORMED  EXTERNAL  ASSEMBLED  LOAD  COLUMN  OUTPUT, 

SIMPLY  SUPPORTED  PLATE  (QUADRILATERAL  THIN  SHELL  IDOLIZATION) 
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H.  3Q-1ARE  PLATE  -  PARABOLIC  MEMBRANE  LOADING  (Triangular 
Thin  Shell  idealization) 

An  isotropic,  square  plate  under  the  actior.  of  a  para¬ 
bolic  membrane  loading  is  shown  in  Figure  III-H, 1,  along 
with  its  dimensions  and  pertinent  material  properties.  The 
plate  is  idealized  utilizing  two  triangular  thin  shell  ele¬ 
ments  . 


j he  preprinted  input  data  forms  associated  with  this 
example  are  shown  in  Figures  III-H.2  through  III-H.10. 

In  Figure  III-H.5  (Gridpoint  Coordinate  Section)  it  can 
be  seen  that  only  the  grid  point  coordinates  for  the  three 
corner  points  of  each  element  are  entered.  The  coordinates 
associated  with  mid-point  nodes  are  calculated  internally  by 
the  MAGIC  System. 

In  Figure  III-H.6  (Boundary  Condition  Section)  it  is  in¬ 
structive  to  note  the  nature  of  the  boundary  conditions 
w  Ich  apply  to  each  grid  point  (See  Figure  III-H.l).  Remem¬ 
ber  that  in  a  pure  membrane  problem,  u  and  v  are  the  only  de¬ 
grees  of  freedom  which  are  of  interest. 

Let  us  examine  the  Listed  Input  (Exceptions  to  the  MODAL 
Card)  first. 

(1)  Grid  Point  Number  1  (Center  of  Plate)  has  all  de¬ 
grees  of  freedom  fixed.  This  is  true  because  this 
grid  point  is  at,  the  center  of  the  plate  and  the 
plate  is  loaded  by  a  self-equilibrating  parabolic 
membrane  load. 

(2)  Grid  Point  Numbers  2  and  5  only  have  an  unknown 
displacement  in  the  u  direction.  -This  is  true 
because  these  grid  points  lie  along  a  symmetric 
boundary  defined  by  the  X  axis. 

(3)  Grid  Point  Numbers  4  and:  8  only  have  an  unknown 
displacement  in  the  v  direction;  "This  is  true 
because  these  grid  points  lie  along  a  symmetric 
boundary  defined  by  the  Y  axis. 

(4)  Grid  Point  Number  6  is  suppressed,  therefore,  all 
associated  degrees  of  freedom  are  fixed. 

The  MODAL  card  is  now  examined  for  the  remaining  grid 
points.  Since  Grid  Point  Numbers  1,  2,  4,  5,  and  8  were 
called  out  under  Listed^ Input,  the  MODAL  entry  pertains  to 
Gr j  d  Point  Numbers  3  >  7 ,  and  9 • 
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Grid  Point  Numbers  3,  7,  and  9  have  unknown  dis¬ 
placements  both  in  the  u  and  v  directions. 

In  Figure  I1I-H.7  (External  Loads  Section)  Grid  Points 
2  and  3  have  applied  external  loading.  Note  that  there  are 
two  external  load  cards  per  grid  point. 

In  Figure  III-U.8  (Element  Control  Data  Section)  the 
following  information  is  of  importance. 

(1)  For  element  number  2,  mid-point  node  number  6  is 
suppressed.  This  element  is  therefore  numbered  2, 

3,  4,  0,  73  9.  These  entries  are  made  in  the 
first  six  locations  of  the  node  point  section  as 
shown  in  Figure  III-H.8. 

(2)  For  element  numbers  1  and  2,  the  numbers  '1'  and 
•2'  are  entered  in  locations  9  and  10  of  the  node 
point  portion  of  the  Element  Control  Section. 

These  two  points  define  the  X  direction  for  the 
material  properties  axes.  This  allows  the  User  to 
effectively  define  stress  output  direction.  The 
same  tw,  points,  used  for  Element  Number  1,  can 
also  be  used  for  Element  Number  2  as  shown  in  the 
figure. 

In  Figure  III-H.9  (Element  Input  Section)  only  one  item 
of  information  is  entered  in  Location-  A  of  the  MODAL  section. 

Location  A  -  Membrane  Thickness  (tm);  =  0.10 

This  MODAL  entry  signifies,  that  this  thickness  applies  to 
all  elements  used  in  this  analysis.. 
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FIGURE  III-H.2  TITLE  INFORMATION,  SQUARE  PLATE  (TRIANGULAR  THIN  SHELL  IDEALIZATION) 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  TII-H.3  MATERIAL  TAPE  INPUT,  SQUARE  PLATE  (TRIANGULAR  THIN  SHELL  IDEALIZATION) 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 


ENTER  APPROPRIATE  NUMBER,  RIGH' 
ADJUSTED,  IN  BOX  OPPOSITE 
APPLICABLE  REQUESTS 

lr  Number  of  System  Grid  Points 

2.  Number  of  Input  Grid  Points 

3.  Number  of  Degrees  of  Freedom/Grid  Point 

4.  Number  of  Load  Conditions 

5.  Number  of  Initially  Displaced  Grid  Points 

6 i  Number  of  Prescribed  Displaced  Grid  Points 

7i  Number  of  Grid  Point  Axes.  Transformation 
T  Systems 


S  |  ■  Y  |  S  |  T  |  E  |  M 
1  2  3  5  S 


12  3  4  5  6 


7  8  9  10  11  12 


13  14 
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15  lb 


17  15  19  20  21  22 


23  24  25  25  27  28 
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29  30 


8.  Nvunber  of  Elements 

9.  Number  of  Requests  and/or  Revisions  of 
Material  Tape. 

10.  Number  of  Input  Boundary 
Condition  Points 

11.  T0'.,For  Structure  (With  Decimal  Point) 


FIGURE  III-H.4  SYSTEM  CONTROL  INFORMATION,  SQUARE  PLATE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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YSTEM 


3AC  1626-1 

MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 

BOUNDARY  CONDITIONS 


INPUT  CODE  •  0  •  No  Displacement  Allowed 

1  •  Unknown  Displacement 

2  •  Known  Displacement 


FIGURE  III-H.6  BOUNDARY  CONDITIONS,  SQUARE  PLATE 

(TRIANGULAR  THIN  SHELL  IDEALIZATION)  389 
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l|k  M  MAGIC  STRUCTURAL  ANALYSIS  SYSTEM  ELEMENT  CONTROL  OAT  A 

MSm  INPUT  DATA  FORMAT 


FIGURE  III-H.8  ELEMENT  CONTROL  DATA,  SQUARE  PLATE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 


FIGURE  III-H.9  ELEMENT  INPUT,  SQUARE  PLATE  (TRIANGULAR  THIN  SHELL  IDEALIZATION) 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 


INPUT  DATA  FORMAT 


CHECK  OR  END  CARD 
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0 

END 


t  1  2 
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FIGURE  III-H.IO  END  CARD,  SQUARE  PLATE 

(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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The  output  supplied  by  the  MAGIC  System  for  the  thin 
square  plate  subjected  to  parabolic  loading  and  idealized 
with  two  triangular  thin  shell  elements  is  as  follows* 

Figures  III -H. 11  thru  III-H.13  display  the  output  from 
the  Structural  Systems  Monitor.  These  figures  record  the 
input  data  pertinent  to  the  problem  beirg  solved. 

In  Figure  III -H. 12,  the  finite  element  information  is 
shown.  Under  the  section  titled  Externax  Input,  the  first, 
entry  printed  has  a  numberical  value  of  0.0999999.  This  value 
is  equal  to  the  membrane  thickness  of  the  plate  being  analyzed. 

Figure  III-H.13  displays  the  External  Load  Column  for 
this  problem.  The  54  x  1  vector  shown  in  the  figure  is  the 
total  unreduced  transformed  external  load  column  which  is  read 
row-wise.  The  ordering  is  consistent  with  that  of  the  boundary 
condition  information  shown  in  Figure  III-H.12.  An  external 
load  of  667.67  is  applied  at  node  point  2  and  also  at  a  load  of 
400.0  is  applied  at  node  point  3  both  in  the  positive  Global  X 
direction. 

MAGIC  System  level  output  of  final  results  is  shown  in 
Figures  III-H.14  thru  ill -H. 21.  Figure  III-H.14  shows  the  reduced 
stiffness  matrix  for  this  problem.  Only  non-zero  terms  in  the 
stiffness  matrix  are  displayed.  The  stiffness  matrix  is  presented 
row-wise  and  its  ordering  is  consistent  with  that  of  the  boundary 
conditions  shown  in  Figure  III-H.12.  For  this  case,  the  ordering 
of  the  displacement,  vector  is  as  follows: 

{9]  T  =  \*2>  u3,  v3,  v4,  u5,  u?,  Vg,  ug,  Vjy 

Figure  III-H.15  displays  the  externally  applied  loads  for 
this  application  (GPRINT  OF  MATRIX  LCADS).  These  loads 
(?X>  Fy,  F z,  My,  Mg)  are  referenced  to  the  Global  Axis  and 

are  output  against  node  point  number.  From  the  figure,  it  is  seen 
that  node  points  2  and  3  are  loaded  by  Forces,  Fx,  equal  to  666.67 

and  400.0  respectively.  It  is  also  to  be  noted  that  these  forces 
are  acting  in  the  positive  Global  X  direction. 

Displacements  are  presented  in  Figure  III-H.16.  Displacements 
are  output  against  node  point  number. and  are  referenced  to  the 
Global  Axis  unless  otherwise  indicated. 
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Reactions  are  presented  in  Figure  III-H.17.  There  are 
only  two  components  of  Reaction  at  any  grid  point  (F^  and  Fy) 

since  only  membrane  loading  is  involved  and  there  is  no 
coupling  between  membrane  and  bending  action. 

Stress  resultants  for  the  Triangular  Thin  Shell  Element  are 
presented  in  Figures  III-H.18  and  III-H.19.  Eight  stress 
resultants  are  evaluated  at  each  corner  point  of  the  triangle  and 
also  at  its  centroid  yielding  a  total  of  thirty-two  stress 
resultants  per  element. 

The  stress  resultants  for  the  triangular  thin  shell  element 
are  defined  as  follows: 
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Figure  III-H.18  presents  the  stress  resultants  for 
Element  Number  1.  Stress  points  l,  2,  3,  and  -4  correspond  to 
the  following: 

Stress  point  1  equals  the  element  stresses  evaluated 
at  the  centroid.  Stress  points  2,  3,  and  4  correspond  to 
element  corner  points  1,  2,  and  4  respectively. 

Figure  III-H.19  presents  the  stress  resultants  for  Element 
Number  2.  Stress  points  1,  2,  3,  and  4  correspond  to  the 
following: 

Stress  point  1  equals  the  element  stresses  evaluated 
at  the  centroid.  Stress  points  2,  3,  and  4  correspond  to 
element  corner  points  2,  3,  and  4  respectively. 

The  stress  vector  is  in  general  referenced  to  the 
element  coordinate  system.  For  the  quadrilateral  or  triangular 
thin  shell  elements,  however,  the  User  has  the  option  of 
specifying  material  or  stress  axes  in  order  to  effectively 
define  stress  output  direction.  This  is  accomplished  by 
utilising  locations  9  and  10  or  11  and  12  of  the  node  point 
portion  of  the  Element  Control  Section.  In  this  particular 
problem  the  numbers  '1'  and  '2’  were  entered  in  locations  9 
and  10  of  the  node  point  portion  of  the  Element  Control 
Section.  These  two  points  define  the  X  direction  of  the 
material  properties  axes  (Positive  X  from  node  point  1  to 
node  point  2).  This  axis  of  reference  then  becomes  the 
reference  axis  for  the  stress  output. 

There:  is  one  exception  to  the  usual  rules  of  presenting 
the  stress  output  for  the  triangular  thin  shell  element. 

For  each  triangular  element,  the  centroidal  values 
of  the  stress  resultants  for  that  element  are  the 
first  to  be  printed.  In  the  general  case  the  node 
point,  stresses  are  printed  and  then  the  centroidal 
stresses. 

Figures  III-H.20  and  III-H.21  present  the  element  forces 
for  the  two  triangular  thin  shell  elements  used  in  this 
application.  The  element  is  defined  by  six  node  points  (3 
corner  points  and  3  mid-side  node  points).  Since  there  are 
six  fbrces  per  node  point  (Fx,  Fy,  Fz,  M^,  My,  M^)  a  total  of 

36  forces  per  element  are  defined.  In  Figure  III-H.20,  Force 
Points  1  thru  3  correspond  to  element  corner  points  1,  2,  and  4. 
Force  points  4  thru  6  correspond  to  element  mid-points  5,  9  and 
8.  The  forces  for  Element  No.  2,  shown  in  Figure  III-H.21'  are 
interpreted  in  an  analogous  manner  to  those  for  Element  No.  1. 

It  is  to  be  noted  that  the  element  forces  are  referenced  to 
the  Global  Axis  unless  otherwise  indicated. 
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FIGURE  III-H.18  STRESS  OUTPUT  (ELEMENT  NO.  1),  SQUARE  PLATE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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FIRST  THREE  ra»«TS  ARE  CORHEF  FCIRTS  AND  THE  LAST  THREE  FOINTS  ARE  HIO-FOIHTSI 


I.  SQUARE  PLATE  -  NORMAL  PRESSURE  LOADING  - 
(Triangular  Thin  Shell  Idealization) 

A  simply  supported  isotropic  square  plate,  under  the 
action  of  normal  pressure  loading  is  shown  in  Figure  III-I.] 
along  with  its  dimensions  and  pertinent  material  properties. 
The  plate  is  idealized  utilizing  two  triangular  thin  shell 
elements. 

The  preprinted  input  data  forms  associated  with  this 
example  are  shown  in  Figures III-I. 2  through  III-I.ll. 

In  Figure  III-I. 5  (Gridpoint  Coordinate  Section)  it  is 
seen  that  only  the  grid  points  for  the  three  corner  points  of 
each  element  are  entered.  The  coordinates  associated  with 
mid-point  nodes  are  calculated  internally  by  the  MAGIC 
System. 

In  Figure  III-I. 6  (Grid  Point  Pressure  Section)  the 
MODAL  entry  is  used  for  the  input  pressure  values. 

This  entry  means  that  the  normal  pressures  are  acting  at 
every  grid  point  with  a  value  of  -1.0  psi.  The  sign  of  the 
pressure  is  minus  since  its  direction  is  in  the  negative  ele¬ 
ment  Z_  direction, 
g 

In  Figure  III-I. 7  (Boundary  Condition  Section)  it  is  in¬ 
structive  to  note  the  natuia  of  the  boundary  conditions  which 
apply  to  each  grid  point  (See  figure  III-I. 1).  Let  us  exam¬ 
ine  the  Listed  Input  (Exceptions  to  the  MODAL  card)  first. 

(1)  Grid  Point  Number  1  (Center  of  plate)  has  an  un¬ 
known  displacement  in  the  w  direction,  all  others 
are  zero  due  to  symmetry. 

(2)  Grid  Point  Number  2  has  an  unknown  rotation,  0  . 

The  others  are  zero  due  to  the  fact  that  grid  y 
point  2  is  a  point  of  simple  support. 

(3)  Grid  Point  Number  3  has  all  degrees  of  freedom 
fixed.  This  is  true  because  the  simple  supports 
meet  at  this  point  restricting  rotation  In  the  0 
and  0  directions. 

J 

(4)  Grid  Point  Numbers  5  and  8  are  repeated  and  also 

have  all  degrees  of  freedom  fixed.  These  are  mid¬ 
side  nodes  and  the  only  possible  degrees  of  free¬ 
dom  allowed  are  u,  v,  and  0  (0  normal).  Since  this 

is  a  pure  bending  problem  unand  v  are  equal  to  zero. 
Since  Grid  Points  5  and  8  lie  along  symmetric 
boundaries,  0  equals  zero. 
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FIGURE  III  -  1.1  -  Idealized  Simply  Supported  Plate  With  Normal  Pressure  Loading 
(Triangular  Thin  Shell  Idealization  of  One  Quadrant) 
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Tiie  MODAL  card  is  now  examined  for  the  remaining  grid 
points.  Since  Grid  Point  Numbers  1,  2,  3,  5>  and  8  were 
called  out  under  Listed  Input,  the  MODAL  entry  pertains  to 
Grid  Point  Number's  4,  6,  ?,  and  9^ 

(1)  Grid  Point  Number  4  has  an  unknown  rotation,  0  . 

The  others  are  aero  since  grid  point  4  is  a 
point  of  simple  support. 

(2)  Grid  points  6,  7,  and  9  are  mid-side  nodes  and  the 

only  possible  degrees  of  freedom  allowed  are  u,  v, 
and  0  (9  normal).  Since  this  is  a  pure  bending 

problem  u  and  v  are  equal  to  zero.  However,  there 
is  an  unknown  normal  slope  0  ,  associated  with 
these  grid  points.  The  coden(0,  1,  2)  associated 
with  these  normal  slope  values  is  always  entered  in 
the  6  location  for  consistency. 

In  Figure  III- I. 8  (External  Loads  Section)  the  follow¬ 
ing  information  is  evident. 

(1)  One  load  condition  is  input 

(2)  The  External  Applied  Load  Scalar  equals  1.0 

(3)  The  MODAL  option  is  employed  and  External  Force  and 
Moment  values  of  0.0  are  entered  in  the  appropriate 
locations.  Since  the  Triangular  Thin  Shell  Element 
is  formulated  with  six  degrees  of  Freedom  per  point, 
two  external  load  cards  per  grid  point  are  required. 

The  Element  Applied  Load  Scalar  was  set  equal  to  1.0  be¬ 
cause  of  the  following: 

Total  Load  =  External  Loads  +  EALS  (Element  Applied 

Loads) 

Since  the  External  Loads  are  equal  to  zero  and  the  EALS 

=  1.0 

Total  Load  =  Element  Applied  Load 

These  are  the  correct  loads  since  for  this  case  the  Ele¬ 
ment  Applied  Loads  are  equal  to  the  normal  pressure  loads. 

In  Figure  III-I.9  (Element  Control  Data  Section)  the 
following  information  is  of  importance. 
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(1)  The  numbers  '1'  and  '2'  are  entered  in  locations 
11  and  12  of  .the  node  point  portion  of  the  Element 
Control  Section  for  Element  Number  1.  These  two 
points  define  the  direction  of  the  (X)  stress  axis 
for  Element  Number  1.  With  this  definition.,  the 
stresses  in  the  other  directions  retain  their  prop¬ 
er  orientation  with  respect  to  this  axis. 

(2)  The  numbers  '4'  and  '3'  are  entered  in  locations  11 
and  12  of  the  node  point  portion  of  the  Element  Con¬ 
trol  Section  for  Element  Number  2.  These  two 
points  define  the  direction  of  the  (X)  stress  axis 
for  Element  Number  2. 

It  should  be  noted  that  the  stress  axis  determina¬ 
tion  is  element  related  and  therefore  if  locations 
11  and  12  are  used  for  stress  directions  then  each 
element  must  be  considered  separately.  Node  points 
related  to  each  particular  element  mus t  be  used 
when  determining  stress  directions  utilizing  loca¬ 
tions  11  and  12. 

In  Figure  III-I.10  (Element  Input  Section)  only  one  item 
of  information  is  entered  in  Location  B  of  the  MODAL  section. 

Location  B  -  Flexural  Thickness  -  (tf)  =  0.10 

This  MODAL  entry  signifies  that  this  thickness  applies 
to  all  elements  used  in  this  analysis. 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 


416 


FIGURE  III-I.2  TITLE  INFORMATION,  SIMPLY  SUFPORTBD  PLATE 
(TR-IANGULAR  THIN  SHELL  IDEALIZATION) 
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FIGURE  III -1.3  "MATERIAL  TAPE  INPUT,  SIMPLY  SUPPORTED  PLATE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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FIGURE  III-I.4  SYSTEM  CONTROL  INFORMATION,  SIMPLY  SUPPORTED  PLATE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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FIGURE  III-I.*  GRITPOINT  PRESSURES,  SIMPLY  SUPPORTED  PLATE 
(TRIANGULAR  TRIM  SHELL  IDEALIZATION) 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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FIGURE  III-I.7  BOUNDARY  CONDITIONS  SIMPLY  SUPPORTED  PLATE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  III-I.10  -ELEMENT  INPUT,  SIMPLY  SUPPORTED  PLATE 

(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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FI'.URE  III-I.ll  END  CARD,  SIMPLY  SUPPORTED  PLATE 

(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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The  output  supplied  'ey  the  MAGIC  System  for  the  simply 
supported  isotropic  square  plate  subjected  to  a  normal  pressure 
load  and  idealized  using  two  triangular  thin  shell  elements 
is  as  follows; 

Figures  III-I.12  through  III-I. 14  display  the  output 
from  the  Structural  Systems  Monitor.  These  figures  record  the 
input  data  pertinent  to  the  problem  being  solved. 

The  Grid  Point  Data  Information  is  shown  in  Figure  III-I.13. 
Note  that  pressures  of  -1.0  psi  are  applied  at  each  grid  point. 

The  finite  element  information  is  also  shown  in  Figure  III-I.13. 
Under  the  section  titled  External  Input,  the  second  entry  has 
a  numerical  value  of  0.09999999*  This  value  is  equal  to  the 
flexural  thickness  of  the  plate  being  analyzed. 

Figure  III-I.  V*  displays  the  Transformed  External  Assembled 
Load  Column.  Note  tnat  these  loads  are  all  equal  to  zero  since 
input  pressures  are  element  applied  loads. 

MAGIC  System  output  of  final  results  is  shown  in  Figures 
III-I.15  thru  III-I.  22. 

Figure  III-I. 15  shows  the  assembled  and  reduced  stiffness 
matrix.  The  stiffness  matrix  is  read  row-wise  and  only  non-zero 
terms  are  displayed.  The  ordering  of  the  stiffness  matrix 
is  consistent  with  that  of  the  boundary  conditions  shown  in 
Figure  III-I. 13.  For  this  case  the  displacement  vector  is 
ordered  as  follows: 


[qj  «  [V  ey2'  ex4»  9n6'  Qr.7’  ertgJ 
Where  ©ni  =  normal  slope  at  node  point  i 


Figure  II-I.16  displays  the  element  applied  loads  (GPRINT 
OF  MATRIX  FTELA)  which  arise  from  the  normal  pressure  loading  of  one 
psi.  The  loads  are  output  against  grid  point  number  and  note 
that  grid  points  5  thru  9  are  associated  with  mid-side  nodes.  This 
being  the  case,  the  load  (Mx)  associated  with  these  node  points 

corresponds  to  the  normal  slope  degree-of-freedom  (©n). 
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Displacements  are  presented  in  Figure  III-I.17..  Displace¬ 
ments  are  output  against  node  point  number  and  are  referenced 
to  the  Global  Axis  unless  otherwise  indicated. 

Reactions  are  presented  in  Figure  III-I.18.  The 
reactions  are  output  against  node  point  number  and  are 
referenced  to  the  Glooal  Axis. 

Stress  resultants  for  the  Triangular  Thin  Shell  Element 
are  presented  in  Figures  III-I.19  and  III-I.20.  Eight  stress 
resultants  are  evaluated  at  each  corner  point  of  the  triangle 
and  also  at  its  centroid,  yielding  a  total  of  32  stress 
resultants  per  element. 

The  stress  resultants  for  the  triangular  thin  shell  were 
explicit.1  y  defined  in  Section  III-H  (Square  Plate  -  Parabolic 
Membrane  Loading).  Sketches  were  also  provided  to  facilitate 
proper  interpretation  of  the  stress  resultants. 

The  stress  vector  is  in  general  referenced  to  the  element 
coordinate  system.  For  the  quadrilateral  or  triangular  thin 
shell  elements,  however,  the  User  has  the  option  of  specifying 
material  or  stress  axes  in  order  to  effectively  define  stress 
output  direction.  This  is  accomplished  by  utilizing  locations 
9  and  10  or  11  and  12  of  the  node  point  portion  of  the  Element 
Control  Section.  I"  this  particular  problem  the  numbers  '1' 
and  '2'  were  entered  in  locations  11  and  12  of  the  node  point 
portion  of  the  Element  Control  Section  for  Element  Number  1 
and  for  Element  Number  2  the  numbers  '4'  and  '3'  were  entered 
in  locations  11  and  12.  These  two  points  define  the  X  direc¬ 
tion  of  the  stress  axis  (Positive  X  from  node  point  1  to  node 
point  2  for  element  number  1  and  positive  X  from  node  point 
4  to  node  point  3  for  element  number  2) .  These  axes  of 
reference  then  become  the  reference  stress  axes  for  elements 
1  and  2  respectively. 

Figure  III -I. 19  presents  the  stress  resultants  for  Element 
No.  1.  Stress  points  1,  2,  3,  and  4  correspond  to  the  following: 

Stress  point  1  equals  the  element  stresses  evaluated  at 
the  centroid.  Stress  points  2,  3,  and  4  correspond  to  element 
corner  points  1,  2  and  4  respectively. 

Figure  III-I.20  presents  the  stress  resultants  for 
Element  No.  2.  Stress  points  1,  2,  3,  and  4  correspond  to 
the  following: 

Stress  point  1  equals  the  element  stresses  evaluated 
at  the  centroid.  Stress  points  2,  3,  and  4  correspond  to 
element  corner  points  2,  3>  and  4  respectively. 
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It  is  to  be  remembered  for  the  triangular  thin  shell 
element  that  for  each  element,  the  centroidal  value  of  the 
stress  resultants  for  that  element  are  the  first  to  be 
printed.  (In  the  general  case  the  node  point  stresses  are 
printed  ana  then  the  centroidal  stresses.) 

Figures  III-I.21  and  III-I.22  present  the  element  forces 
for  the  two  triangular  thin  shell  elements  used  in  this 
application.  These  forces  are  defined  with  respect  to  the 
Global  Coordinate  System.  In  Figure  III-I.21,  Force  Points 
1  thru  3  correspond  to  element  corner  points  1,  2  and  4.  Force 
points  4  thru  6  correspond  to  element  mid-points  5>  9  and  8. 
Note  that  the  mid-side  nodes  have  allowable  degrees -of-freedom 
equal  to  U,  V,  and  normal  slope  (0n).  Therefore,  in  a  flexture 

problem,  the  moment  at  any  mid-side  node  is  associated  with  the 
normal  slope. 

The  forces  for  Element  No.  2,  shown  in  Figure  111-1,22, 
are  interpreted  in  an  analogous  manner  to  those  for  Element 
No.  1. 
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(TRIANGULAR  THIN  SHELL  IDEALIZATION) 
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FIGURE  III-I.20  STRESS  OUTPUT  (ELEMENT  HO.  2),  SIMPLY  SUPPORTED  PLATE 
(TRIANGULAR  T«'N  SHELL  IDEALIZATION) 


I?ME  FIRST  THREE  POINTS  ARE  CORNER  PC* NTS  AND  THE  LAST  THREt  POINTS  ARE  HIO-POINTS) 
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FIGURE  III-I.22  FORCE  OUTPUT  (BLRMENT  NO.  2) ,  SIMPLY  SUPPORTED  PLATE 
(TRIANGULAR  THIN  SHELL  IDEALIZATION) 


THICK  WALLED  DISK  -  THERMAL  LOAD 
(Trapezoidal  Cross-Section  Ring  Idealization) 


o  . 


A  thick  walled  disk  under  the  influence  of  a  radially- 
varying  thermal  loading  is  shown  in  Figure  III-J.l,  along  with 
its  dimensions  and  pertinent  material  properties.  This  disk 
is  idealized  using  trapezoidal  cross-section  ring  elements.  The 
preprinted  input  data  forms  associated  with  this  problem  are  shown 
in  Figures  ITI-J.2  through  IT I -J. 10. 

In  Figure  1II-J.3  (Material  Tape  Input  Section)  note 
that  2  material  (temperature)  points  are  entered  for  the 
material  in  question.  A  linear  interpolation  for  material 
properties  is  performed  for  temperatures  which  fall  between  these 
two  temperature  points . 

In  Figure  III-J.6  ( Grid  Point  Temperature  Section) 
it  is  instructive  to  note  the  use  of  the  Repeat  Option.  Grid 
Point  12  has  the  same  temperature  as  Grid  Point  1,  therefore 
the  Repeat  option  is  employed  by  placing  an  'X1  in  Column  12 
opposite  the  entry  for  Grid  Point  Number  12.  This  same  procedure 
is  also  used  for  Grid  Points  2,  3>  4.,  and  5*  Note  that  the 
Grid  Points  are  rot  entered  sequentially  allowing  the  use  of 
the  Repeat  option.  It  should  also  be  noted  that  the  temperature 
values  are  entered  in  Columns  13-22. 

In  Figure  III-J.7  (Boundary  Condition  Section)  it 
is  instructive  to  note  the  use  of  the  MODAL  option.  There  is 
only  1  exception  to  the  MODAL  card  and  this  is  Grid  Point 
Number  12.  This  exception  must  be  called  out  on  the  System 
Control  Information  Data  Form  (Figure  III-J.4). 

In  Figure  III-J.8  (External  Loads  Section)  the 
following  information  is  evident. 

(1)  One  load  condition  is  input. 

(2)  The  External  Applied  Load  Scalar  equals  1.0. 

(3)  At  Grid  Point  0  loads  of  0.0  are  entered  in  the 
locations  corresponding  to  Fx,  F  and  Fz»  Note 

that  this  is  the  only  entry  required  (the  Moment 
and  Generalized  Values  are  ignored)  since  the 
Trapezoidal  Cross-section  ring  has  three  degrees 
of  freedom  per  point  thus  requiring  only  one  ex¬ 
ternal  load  card  per  grid  point. 
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BOUNDARY  CONDITIONS 


Figure  III-J.T  Boundary  Conditions,  Thick  Walled  Disk 
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Transformation 
Cod*  Fe”  Load* 


Figure  III-J.8  External  Loads,.  Thick  Hailed  Disk 
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Figure  III -J. 10  End  Card,  Thick  Walled  Disk 


The  Element  Applied  Load  Scalar  was  set  equal  to  1,0  because 
of  the  following: 

Total  Load  =  External  Load  +  EALS  (Element  Applied  Load) 

Since  the  External  Loads  are  equal  to  zero  and  the  EALS  =1.0 
Total  Load  =  Element  Applied  Load 

These  are  the  correct  loads  since  for  this  case  the  Element  Applied 
Loads  are  equal  to  the  thermal  loads. 

In  Figure  III-J.9  (Element  Control  Data  Section) 
it  is  important  to  note  a  number  of  items. 

(1)  The  temperature  interpolate  option  (Col.  19) 
is  employed  for  all  five  elements.  The  >4' 
entered  in  this  location  tells  the  system  to 
average  the  four  node  point  temperature  for 
each  element  and  use  this  average  temperature 
when  establishing  material  properties  from 
the  material  tape. 

(2^  The  node  point  numbering  sequence  for  each 
element  is  very  important.  Note  that  each 
element  must  be  numbered  in  a  counter¬ 
clockwise  manner  when  looking  in  the  positive 
element  Y  (0)  direction  (Figure  Ill-J.i), 

Note  also  that  el.ement  numbering  always  begins  at  the 
lower  left  hand  corner  of  the  element. 

Element  Input  is  not  required  for  this  problem. 

The  output  supplied  by  the  MAGIC  II  System  for  this 
application  is  as  follows: 

Figures  III-J.ll  thru  III-J.14  display  -the  output  from 
the  Structural  Systems  Monitor.  These  figures  display  the  input 
data  pertinent  to  the  particular  problem  being  solved. 

Figure  III-J.12  displays  the  coordinate  information  for 
this  application,  along  with  corresponding  grid  point  temperature 
values . 

Figure  III -J. 13  displays  the  Boundary  Condition  and  Finite 
Element  Description  Output.  Note  that  for  this  particular 
application  there  are  twenty-three  degrees -of-freedom. remaining 
in  the  reduced  displacement  vector  (Total  Number  of  Ones). 


452 


'tT. 


Figure  III-J.14  displays  the  Transformed  External 
Assembled  Load  Column.  Note  that  these  loads  are  all  equal  to 
zero  since  this  is  a  thermal  stress  problem  and  thermal  loads 
are  element  applied  loads. 

MAGIC  System  output  of  final  results  is  presented  in 
Figures  III- J. 15  thru  III-J.22. 

Figure  III-J.15  displays  the  assembled  and  reduced 
stiffness  matrix  (MATRIX  STIFF)  of  order  23x23.  The  stiffness 
matrJ.x  is  presented  row-wise  and  only  non-zero  terras  are  displayed. 

The  thermal  load  vector  (GPRINT  OF  MATRIX  FTELA)  is 
displayed  in  Figure  III-J.16.  These  forces  are  generated  at  the 
element  level  and  are  output  with  respect  to  node  point  number. 

The  displacements  of  the  thick  walled  disk  which  result 
from  the  imposed  temperature  distribution  are  shown  in  Figure 
III -J. IT.  It  is  noted  that  displacements  (0,  V,  W)  are  output 
corresponding  to  node  point  number  and  are  referenced  to 
the  global  axis  unless  otherwise  specified. 

Figure  III-J.18  displays  the  reactions.  The  reactions 
are  listed  according  to  node  point  number.  For  this  particular 
application,  the  reactions  are  effectively  equal  to  zero  which 
results  from  the  self-equilibrating  nature  of  the  thermal  loading 
which  is  imposed. 

Stresses  for  selected  Trapezoidal  Ring  Elements 
are  presented  in  Figures  III-J.19  and  III- J. 20.  Stresses  for 
Element  No.  1  are  presented  in  III-J.19  and  stresses  for  Element 
No.  5  are  presented  in  Figure  III -J. 20. 

Stresses  are  evaluated  at  the  four  corner  points  of 
each  element  and  at  the  element  centroid.  In  Figure  III-J.19, 
Stress- Points-  lw2,  3,  and  4  correspond  to  Element  Grid  Points©  , 

© ,  (ll)  ,  and  02  respectively.  Stress  point  5  corresponds 
to  th<r element  eentroidai  stress. 

The  stresses  for  each  element  are  defined  as  follows: 

[<rj  =  [e]  (ej—  -  {\zael} 

where  from  Figures  III-J.19  and  III-J.20? 

[eJ  fc]  =  Apparent  Element  Stress 

^SZAElJ  =  Element  Applied  Stress 

H  -  Net  Element  Stress 

Note  that  Radial,  Circumferential',  Axial  and  Shear  Stresses  are 
presented  for  each  element. 


Element  forces  for  selected  Trapezoidal  Ring  Elements 
are  presented  in  Figures  III-J.21  and  III-J.22.  Forces  for  Element 
No.  1  are  presented  in  III-J.21  and  forces  for  Element  No.  5 
are  presented  iu  III-J.22.  These  forces  are  defined  with  respect 
to  the  Global  Coordinate  System.  Each  Trapezoidal  Ring  Element 
has  three  element  forces  defined  per  grid  point  (FR,  Fg,  Fz). 

For  Element  No.  1  (Figure  III— 3.21)  Force  Paints  1,  2*  3>  and  4 
correspond  to  Element  Grid  Points  (p  ,  © ,  @  >  and  (La  respectively. 
Forces  for  Element  No.  5  (Figure  III-J.22)  are  defined  in  an 
analogous  manner. 


454 


TAAPEZOIOAL  PING  PBCBLEf  -BELL  IMPLEMENTED  Eomt 

THICK  .MAILED  01 SK  UNDER  THERMAL  LOACING  PLANE  STRESS  fi:»NULATU: 

AEFERENCECMAN5  APPLIED  ELASTICITY  PACE  70 

S.  JORDAN  10  0C1CBER  19*7 


oooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


5  8  8  8  0  0*0 

rOPP  POOP 

»  OO 2 O O* O 08 O O OO OO Oo8 00$ 00*0  0800 
•  •  •  •  •  •  <*  •  «  •  •••••••••••••••••• 

»OOOOOOOPOOOOOOOOOOOOOOOOOPOOO< 


o  ~» 
c 


:  § 


l  l  2  2  l 

i  s  :  s  1 

f  t  »  f  s 


o  <r 

•  •  • 

o  o 


t  t  I  5  6 

*»»•>» 


•  • 

o  o 


0  V  • 
•  * 
e  o 


00000 

£  4  *  £  4 


8  8  8  8  8  ? 

eg  *  V  K  K  « 

8  5  8  8  8  8 

h  h  n 

o  r  r  r  r  o 

*  «  f»  O  *4 


1  i 


FIGUKE  III-J.12  MATERIAL  DATA  OUTPUT,  THICK  WALLED  DISK 


oooo 
•  •  *  • 

0  0  9  0 


« 

t 

o 

« 

a. 

s 

M4 

► 

u 

St 

I 


M.'OC  r»  r»  <*>  o  Q  O  O  C 


o 

« 

0-0000 
•  •  •  • 

2  O  C  O  O 


o 

Ui 

v> 

1 

I 

I 

I  oooo 

I  •  •  •  • 

o  o  o  c 


C/3 


o 


m  «4»  *.  O  »M  *  U)  •  O  <M  f* 

*  ^  «-4  «V  IV  *» 


2,: 

u 


C2 

2 

O 

U 

>• 

* 

«r 

o 

2 

O 


& 

O 

C 


o 

UI 

a 


;v* 

% 

o 

X 


v> 

►- 

a. 

o 

5 

< 


i 

i 

t 

i 

I* 

w 

X 

s 


U. 

So 

*  s 

o  o 


2 


I 

a 

o 

?- 


<■ 

or 


* 


®  ur-f* 
o  u  o  u 

"i  4 

UJ  Ui  UI  UI 

o  *\  *>  o 

0  9  4  0 
0  9  0® 
0  9  9  0 

8*-  9  !*» 
9  9™ 
•  9  9  9 
0**4  9  • 
•  •  •  • 
oooo 


•  •  »  • 

•  •  •  • 

•  •  •  •  • 

•  o  •  •  • 

•  u  •  •• 

•S£ 

•  E  jwo 

mmQU 

•  H  •  O 

*-5«5 

•  IK  ft.  X 

a«*-» 

•  Sgt« 

1»$S* 


oo^o 

UflUUIUI 

8  S  S  8 

o  •  *  • 

©  o> t-2 

o»£  ~ 

•  •>  cr  » 

«nv  < 

•  •  *;  • 
oo  oe 


(Ohh 

oooo 

.  fit  IU  UI  U  UJ 

°8SS8 

8§S?S 

28SSS 

Mdurrc 

UI  IC«»I4  •* 
M«  I  •  •  • 
1*40000 

m  • 

•c 


a  <  x  s.  o 

99  9**UI 


—  ° 

Si  j>-u3 
«  5  «  ui  o 

5S!»°* 

?9  VI**H 
OC» 

<  *  5  -  •  2 

jwOOlN 

©*-►*►-* 

s 

*• 


V* 


9 

UI 

V  ui 
•  * 
oO 
O  2 


& 


aJ 


S 

► 

2^ 


*1 
X  2 
►» 

VS 

« 

ui 


9 

* 


•  UI 

vs  2 
UI  o 

•  2 


I 

UI 


► 

* 

2  ui 

-8 
•  2 
2 

& 

X 


|  *  f*\  9  ® 


J  9.9  9* 


III! 


(JflNNW  b, 


U| 

A  «4  «*<»l 

►  9999- 

► 

f  «f»9  *t 
tftl 

at 


I 

I 

I 

!' 


I 


i 


c. 


|C 

i 


:i 


! 


I 


. r-n-- —T— — TT - 


5 

0* 

s 

OK 

K  O 

OK 

K  4« 

OK 

K  44  OK 

K  K 

O 

K 

O 

o 

•*o 

O  *4 

*U4  O 

O  04 

AO 

e  0  «*  0 

Oxi 

*4 

O 

44 

<$• 

UI 

UI 

Ui  UI 

UI  UI 

UI  UI 

UIUI 

Sr 

UIUI  ININ 

UI  UI 

UI 

UI 

Ui 

§ 

*4 

#4 

r 

UI 

S5 

SI 

S8 

n 

SR  X9 

it 

M 

K 

K 

0 

0 

0 

5 

m 

o 

Key 

♦  * 

r  K 

«  K 

KM 

ry  0  0  K 

0  4« 

0 

IA 

M 

1 

K 

0 

*  A 

n  iy 

44  #4 

0  # 

044 

A  K  fA  44 

K  0 

0 

0 

04 

UJ 

M 

(A 

M  X 

<0  K 

0*  • 

?s 

K  0 

K  0  0  0 

ry  ry 

0 

m 

K 

s* 

fc 

o 

» 

M 

A  A 

K  O 

•A  #4 

N  04 

0  44  AH 

K  M 

fA 

0 

IA 

• 

& 

4 

•  ft 

•  • 

•  • 

•  • 

•  4  I  • 

o’ct 

1 

4 

s 

A 

O 

1 

©  © 

c  o 

1 

O  O 

0  0 

O  O  O  O 

O 

? 

O 

1 

$ 

Ui 

w 

•u 

H 

UI  M 

m  <y 

K  O 

K  O 

r  • 

r  0  *4  0 

44  0 

m 

IA 

IA 

8* 

* 

u. 

O 

M 

M 

in 

«y 

N 

A| 

*4 

A  44  44 

04  44 

04 

•A 

*4 

A 

l 

i 

•A 

1' 

N 

O 

5  ° 

o  r* 

$  O 

44  K 

0  0 

04  K  0O 

0 

K 

O 

|4 

o** 

M  O 

O  *4 

A  O 

O  04 

440  O  *4 

44  O 

O 

*4 

© 

| 

* 

8 

88 

a  a 

8* 

S8 

SJ“< 

$*  82 

28 

Ui 

m 

u; 

0 

K 

u: 

> 

u 

tf> 

•H  -O 

•  * 

^  Al 

0  0 

m  ui 

ry  ui  0  ry 

O  t'y 

4C 

O' 

0 

w 

i 

T 

rr 

K 

-o  ® 

®  «y 

K  fA 

m  «y 

®  IA 

km  0  04 

m  m 

<0 

m 

K 

& 

i/ 

*J 

M  W 

u» 

ry  « 

m  04 

«y  k 

K  04  NO 

IA  04 

0* 

0 

0 

•2 

00 

K 

®  *4 

<o  ® 

■0  <y 

0  X 

0  K 

»l  0  0  K 

M  0 

K 

IA 

fA 

5 

!»• 

'M 

IN 

in  t\i 

U>  **4 

n  #a 

04  04 

Ai  0 

4*  44  m  0 

M  04 

ry 

*4 

Ui- 

<M 

• 

• 

•  • 

*  4 

•  • 

•  • 

•  • 

•  •  •  • 

0  • 

• 

• 

• 

fc 

<9 

O  © 

o  © 

0  0 

O  O 

O  O 

00  00 

O  O 

0 

O 

O 

1 

1 

1  1 

1 

1  1 

1 

1  1  1 

1  1 

1 

1 

1 

i-3 

< 

1 

3 

UJ 

u- 

u: 

1 

u 

4* 

0 

0  *4 

*  *4 

0  © 

0  r 

0  K 

0  K  OK 

O  K 

M 

ry 

ry 

•w 

INI 

iy 

44 

44 

04 

44  04  44 

04  A 

*A 

*0 

& 

to 

c 

> 

1 

o* 

K 

o  © 

<0  o 

O  ® 

00 

0  9 

0O  O0 

9  M 

O  0 

0  44 

O  K 

» 

o 

O 

*40 

O  A 

•4  O 

O  04 

44  O 

O  44  44  0 

O  44 

A  O 

O  04 

4-  O 

£ 

in 

UI 

UI  UJ 

UI  Ui 

UI  Ui 

UIUI 

UI  UI 

UI  UI  UIUI 

UI  UI 

UI  UI 

UJ  UI 

UI  UI 

H5 

0 

IA 

o*  ia 

UI  <r 

©  O 

0  0 

K  K 

rv.0  mui 

0  M 

0  K 

ia  ry 

M  U- 

if 

K 

« 

pd 

9* 

is 

H  * 

<0  <0 

8fc 

fy  K 

K  0 

O  0 

44  0 

88  S£ 

SR 

38 

SR 

K  O 

0  0 

=> 

x 

K 

m 

«y  iy 

m  m 

u\  O* 

#y  • 

UI  0 

MM  0  IA 

M  04 

04  M 

IA  44 

0  K 

O 

i' 

• 

% 

OK 

o  iy 

44  r 

0  * 

0  M 

0  0  K  UI 

m  0  0  M 

0  UI 

0  0 

K  IA 

0  M 

* 

u 

k» 

m  *4 

K  ♦ 

IA  *4 

IA  0 

0  M 

#A  pH 

IA  M 

NA 

IA  K 

u. 

• 

•  • 

•  • 

•  • 

0  • 

t  • 

•  •  •  t 

•  • 

•  • 

•  • 

•  ft 

i 

M 

K 

O 

? 

?? 

?? 

?? 

?? 

?? 

??  ?? 

?? 

?° 

?? 

00 

K 

H 

ar 

t/> 

S 

*' 

X 

u 

ia 

K 

m  o 

#n  o 

ui  m 

UI  0 

K  0 

k«  r  ♦ 

r  0 

04  0 

•4  0 

44  0 

w 

o\ 

J> 

M 

a. 

X 

u 

M 

M 

#4 

44 

44 

44  44 

«4 

AA 

44  44 

44  04 

a 

J3 

b 

r- 

u. 

a 

fe 

* 

| 

*». 

•2 

OK 

K  O 

O  • 

KO  • 

OOO 

K  O0 

000  ^O0 

000 

K  O 

040 

0  O 

o  o 

AO 

.0*4 

*40 

0*40 

AOA 

O  44  O 

aOa  OXO 

v  ^ 

44  O  A 

OA 

00 

O  *4 

UI  Ui 

IN  UI 

UI  UI 

UJ  UI 

UI  UI  UI 

UI  UI  UI 

UIUI  IN 

UIUI  IN  -  IN  m  UI 

UI  UI  UI 

UI  Ui 

UI  UI 

UI  Ui 

0  K 

KK 

OUl 

K  K  UI 

SRI 

0UIM 

SSR,  SRS 

0K.0 

0  ry 

K  K 

K  0 

88 

M  0 

*"•  o 

fll  ♦ 

JSS 

NON 

O  K 

K  0, 

O  M 

f 

X-  M 

MK 

K  «V 

AI0  0 

0  44  0 

o«0  (*•<: 

K  0M 

'0  0 

44K 

0  0 

c 

♦> 

M«4 

•  *x 

X  *4 

NfA 

0£O 

4400 

:kui0*  x 0  ui 
000  Kr,ui 

ra 

'UI  0 

•4#A 

M  IA 

K  *4 

UI  • 

OK 

W>  ® 

or  0 

NON 

m# 

fAK 

0  0 

— 

•*  m 

•V  0» 

k«x 

iy  K 

AAA 

♦  0< 

0MN 

«N4  ♦«!* 

K  IA 

AN 

M  *A 

£ 

** 

•  • 

o© 

OO 

1 

•  -• 

?? 

•  •  ■ 

°? 

•  •  • 
??° 

Hi 

4.  • 

?T° 

•  s0"4-i# 

°T?  ??° 

Hi 

ff 

-•  '4 
0.0 

00 

ff 

O 

,  m 

O 

UI 

ri 

1 

* 

m  k 

N  K 

m  r 

ru  ^ 

«  ►  IM 

0K#y 

0UIO 

0  K  O  0X1  0 

mmm 

OK 

Ok 

O  K 

t 

N 

M 

-  *4 

*4  - 

XM- 

XN 

AN 

AN  04  04 

04  44 

4*  44 

44  04 

AA 

£ 

'  • 

ik 

- 

H 

ft* 

Ik 

t  * 

UO 

»  k  r 

r-  o  » 

OKO 

ko0 

OKO 

hOI  OfO 

OK 

or 

H 

? 

ft 

OO 

Ox 

ooo 

SnO 

HO«4 

0*0 

44  044 

OmO  rtOrt 

OhO 

•<0 

0^ 

>40 

ff 

?. 

S 

2 

~D 

U 

8* 

Kr 

28 

w  • 

141  UI  UI 

#NX 

>Ka 

p2 

©  m  x 

K  u»6 

'SIS 

K0.O, 

*8R 

SPSS 

182  888 
UIKK  O0UI 
-KkK  K  0  04 

?S*  sss 

•A  r  04  M  UI  M 

888 

M  IA  UI 

A 

88 
r  0 

28 

K  0 

ff 

c 

' 

m  r 

•  «« 

r  Nr 

m  O  04 

A4  04UI 

0  «A 

0.0 

00 

♦h 

L 

P- 

£S 

^  X» 

♦  M 

mui 

AN 

K0M 

sr« 

53: 

M#«U 

.400' 
00  0 
rntmrn*. 

1*5 

■«#*•»£ 

w: 

«A*4  0 
UI  #A  M 
0  MM 

SR 

-fA  0 

NO 
c>  m 
K  *4 

O  fA 

r  k 
KM 

ff 

1 

«J<J 

oo 

<&<$& 

Jol 

44* 

e*<Sok 

o*<S«S 

•  •  •,  •  •  • 
ooo  ooo 

<Joo 

•  • 
OO 

o*«J 

OO 

1 

•  1 

1 

I 

1 

1 

1 

1 

1 

«• 

« 

UI 

u 

H  M 

•*5* 

*4  <2 

44  40  m 

#A  •  «4 

AUX 

0  or 

UI  0  r  K  M  K 

r  0 

0  ♦ 

r  0 

£ 

* 

N 

<1 

N 

M 

fU 

N 

«4  44 

XX  04  04 

#4X1 

#A 

04 

*4 

o 

Ik 

% 

p4 

m 

k 

UI 

0 

K 

0  r 

O 

04 

44 

4« 

M 

44 

m 

#4 

1 

r 

? 

X 

x 

A 

X  - 

r 

X 

O 

0  0 

8 

O 

O 

t 

UI 

IN 

UI 

-  UI 

UI 

UI 

UI  UI 

UI 

W 

u* 

M 

04 

w 

44 

44 

m  m 

00 

44 

1 

O 

e 

o 

0 

0 

0 

O 

0  e 

O 

O 

O 

e 

*J**W 


• 

0  4 

0* 

82 

OO 

o«u 

OO 

90 

9 

#4  O 

0#4 

44  0 

4f 

0#4 

mO 

O  *4 

O 

IM 

Ui  UI 

ww 

Ui  UI 

UI  UI 

UI  ui 

UI  UI 

n 

UI  UI 

UI 

m 

• 

IM  O 

mo 

88 

m  • 

mo 

*0 

44  M 

88 

23 

88 

s 

o 

•  o 

•  • 

m  • 

om 

O  K 

oo 

K  O 

M  • 

o 

m 

O  N 

n  m 

m  m 

m  k 

K  M 

om 

4N 

440 

m 

p- 

M 

o  m 
m  m 

OM 

MM 

•  • 

M  A 

mm 

M  44 

S2 

as 

38 

S3 

a 

• 

O 

•  • 
oo 

•i 

4?* 

•  • 
?° 

*1 

f* 

f*5 

•  4 

oo 

o 

UJ 

O 

m 

H* 

4* 

m  • 

mo 

KO 

KO 

m  m 

m  m 

p4 

a 

r4 

H  *4 

4  #4 

*4 

44 

«y 

M 

M 

M 

M 

ik 

r\j 

.4 

11 

06 

fc° 

•40 

K  o 

NV 

K  O 

o  « 

O 

H 

o  .4 

O  04 

*4  O 

O  p« 

H  O 

O  #4 

*4  O 

o 

3 

UI  UJ 
«.)  r\i 

m  uj 

•  <41 

** 

KM 

8V 

** 

3* 

IK 

> 

O 

*  >  >© 

cr  m 

m  o 

Km 

m  o 

o  o 

o  o 

O  «*4 

m 

A 

•o 

m  m 

<4(0 

M  *4 

OO 

(Mb 

04  K 

M  O 

o  o 

m 

u 

-4  O 

o  m 

*4  m 

K  CM 

*4  m 

41  M 

4N 

M  M 

o 

n\ 

•  m 

M  O 

•  o 

mm 

*4 

O  <0 

•  o 

k  m 

o 

•1 

4 

*4  4) 

M  m 

m  * 

4  m 

*4  m 

•m  m 

^  M 

o  m 

44 

O. 

• 

•  • 

•  • 

•  • 

•  • 

•  '* 

o 

o  c* 

o  o 

o  o 

oo 

o  o 

o  o 

o  o 

OO 

o 

1  1 

1  1 

l  l 

1  1 

kt 

UJ 

Ki 

a 

*4 

o  * 

om 

•  K 

OK 

m  m 

o  o 

O  4< 

O  *4 

o 

ra 

a 

*•• 

m  mi 

(4  «4 

*4 

p4 

44 

*1 

M 

M 

v/' 

u. 

K  mb 

O  K 

K-4 

OK 

K  O 

OK 

K  O 

OK 

K  O 

r 

O  *4 

*4  O 

0*4 

40 

0*4 

4*0 

044 

440 

044 

O 

IM  UJ 

ui  <k 

IM  UI 

UI  UI 

UI  u* 

UI  UI 

UI  UI 

UI  UI 

UI  UI 

UI 

O  m 

»4fr 

mm 

o  o 

m  o 

m  m 

o  o 

r  m 

KO 

*4 

•  m 

«o  -4 

2$ 

S3 

mm 
m  44 

82- 

mm 

mK 

88 

82 

S3 

44 

m 

O  m 

O  N 

#4*4 

Km 

4*0 

oo 

#4  K 

44  O 

p4M 

K 

m  m 

KO 

aim 

K  m 

•  5 

NO 

O  O 

440 

•  M 

M 

O  p4 

4i  m 

*4*4 

*  * 

440 

mm 

-« 

Mm 

•Jt 

O 

ob 

°? 

oo 

•? 

oo 

?? 

bo 

•-T 

oo 

? 

IAJ 

u 

P4  * 

o  o 

o  o 

*> « 

*»* 

mo 

mo 

mo 

mo 

m 

o 

#4  *4 

•4 

p4 

*4 

•4 

'  p4 

*4 

M 

M 

Ik 

**K 

•  om 

OK  O 

•  OK 

OKO- 

•  Of* 

OKO 

OO 

OK 

K  i 

m  o 

O  M  o 

#4044 

c-«o 

•*0  44 

O  mi* 

4«0<* 

.04*- 

«o 

o 

UlUl  UiUlUi  UlUlik  WWW'  WWW  UlUIUI  WWW 

m  o  ooo  Non  »««•  m  44  m  f  mo 

OO*  NOK  *.  O  O'  0*0 

mo  o#  m  n  *  in  &  OMO  moo  O  •  m 

hk  wmo  •  o  o  »<hn  m  om 

SS  5*5  ?S*  -8^;  858  ,SS*H383 

?o  ooo  nob  ^oo  o  o,o  <je»o  foo 


IOO  O  0,0 


•  •  •  • 
f  °  7° 


SS  SC 

OO  NK 
>n  >4m 

•3*  :SJ: 


u  o  m  •  m  40  •mi*  omo  omo  #nn  #km 

«  NH  *4  44  44  44  m*  M  HN  44  M  »<N 

O 

Ik 

•  p*  OOO  boo  OOK  0*0  ook 

o h  .mo«4  oho  h o h  OmO  «io*  o«4,o 


UMHIU  UI 

mm*.  5 


SS  8g£  SSS  Ml  MS  sm  288 

Nl*  NNN  IKM4  H.S><  «*»(*  d4n 

o’c*  <5«J<J  ooo  <5«Jo  jeo  <144  444 

•  II  (III  I  I  I  I  1(1 

■I  *2  *’2S  ^  2  2  ^*** 


»« m  3* 

mmo  0,0  0  oo 

as*  *55  a 

444  444  44 

•  iii  i 


FIGURE  III-J.15  REDUCED  STIFFNESS  MATRIX  OUTPUT,  THICI,  WALLED  DISK 
(CONTINUED) 
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FIGURE  III-J.17  DISPLACEMENT  OUTPUT,  THICK  WALLED  DISK 
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FIGURE  I1I-J.20  STRESS  OUTPUT,  ELEMENT  NO.  5,  THICK  WALLED  DISK 


FIGURE  III-J.2I  FORCE  OUTPUT,  ELHMBNT  NO.  I,  THICK  WALLED  DISK 


FIGURE  I1I-J.22  FORCE  OUTPUT,  ELEMENT  NO.  5,  THICK  WALLED  DTS* 


K.  SQUARE  PLATE  -  CRITICAL  BUCKLING  LOAD 
(Quadrilateral  Plata  Idealization) 

A  simply  supported  square  plate,  under  the  action 
of  uniform  axial  compressive  loading  is  shown  in  Figure  I1I-K.1 
along  with  its  dimensions  and  pertinent  material  properties.  A 
linear  eigenvalue  stability  analysis  is  performed  in  this 
analysis.  One  quadrant  of  the  plate  is  analyzed  (using  16  elements) 
and  an  alternate  analytical  solution  is  provided  in  Reference  17. 

The  preprinted  input  data  forms  associated  with  this 
application  are  displayed  in  Figures  III-K.2  thru  III -K. 11. 

In  Figure  TII-K.6  (Boundary  Condition  Section)  it 
is  instructive  to  note  the  use  of  the  MODAL  and  Repeat  options. 
There  are  16.  exceptions  to  the  MODAL  card  as  seen  from  the 
Figure . 


In  Figure  III-K.7,  DYNAM  Section,  note  that  two 
eigenvalues  are  requested.  These  two  eigenvalues  correspond  to 
the  first  and  second  buckling  modes  respectively. 

In  Figure  III-K.1G  (Element  Input)  it  is  noted  that 
only  the  MODAL  entry'  is  used.  This  means  that  all  the  quadrilateral 
plate  elements  used  in  this  analysis  have  identical  element 
input  as  follows: 

Location  A  -  Membrane  Thickness  (tm)  =0.10  in. 

Location  B  -  Flexure  Thickness  (  )  =0.10  in. 

The  output  supplied  by  the  MAGIC  System  for  this 
analysis  is  as  follows; 

Figure  III-K.12  shows  the  matrix  abstraction  instruc¬ 
tions  associated  with  this  particular  problem.  Note  that  the 
STABILITY  Agendum  was  utilized.  A  full  discussion  of  thes.e 
instructions  is  presented  on  pages  69  thru  80  of  this  report. 

.Figures  III-K.13  thru  III-K.17  display  selected 
output  from  the  Structural  Systems  Monitor.  These  figures  record 
the  input  data  pertinent  to  the  problem  being  solvedi. 

Selected  MAGIC  system  output  of  final  results  is 
displayed  in  Figures  Ill-K.18  thru  III-K.22. 

The  Externally  Applied  Load  Vector  (GPRINT  OF  MATRIX 
LOADS)  is  presented  in  Figure  III-K.18.  From  the  figure  it  is  observed 
that  Grid  Points  5,  10,  15,  20  and  25  are  loaded  in  the  negative 
Global'  'X'  direction. 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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TEMPERATURE  5  YOUNGS  MODULI  ~  POISSONS  RATIOS 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 


ENTER  APPROPRIATE  NUMBER,.  RIGH'I 
ADJUSTED,  IN  BOX  OPPOSITE 
APPLICABLE  REQUESTS 


1.  Number  of  System  Grid  Points 


2.  Number  of  Input  Grid  Points 


3.  Number  of  Degrees  of  Freedom/Grid  Point 


4.  Number  of  Load  Conditions 


5.  Number  of  Initially  Displaced  Grid  Points 


6.  Number  of  Prescribed  Displaced  Grid  Points 


7.  Number  of  Grid  Point  Axes  Transformation 
Systems 


8.  Number  of  Elements 


9.  Number  of  Requests  and/or  Revisions  of 
Material  Tape. 


10.  Number  of  Input  Boundary 
Condition  Points 


11,  Tq  For  Structure  (With  Decimal  Point)- 


S  |  Y|  S  [  T  |  E  [  M  }  </) 

12  3  4  5  6 

I  I  I  bis 

123456 
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Figure  III-K.4  System  Control  Information,  Critical  Buckling  Load 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


DYNAMICS  INFORMATION 


EMMl  i  </> 


1.  Number  of  l?l  gen  values  Requested 
(Less  than  or  Kqual  to  20) 


2.,  Convergence  Criteria  (Floating 
Point) 

(Default  Option  -  0.001) 


cm 

1  ? 


m  i  i  i  ii  i  i  i  1 1 

3^56  7  «  9  10  11  12  13  14 


3.  Maximum  Number  of  Iterations  .  . 

(Default  Option  -  500  Iterations)  *  | _ |  ^  1 

15  16  17 


4.  Debug  Iteration  Print 

Iteration  Print  ON  »  1 
Iteration  Print  OFF  =  0 
(Default  Option  -  Print  OFF) 


5.  First  Normal J.z.1 ng  Klnment,  Cor  Print  (111 _ | 

(Default  Option  -  No  PI  rot  10  Do  : •  I  . 

Normalization) 


6.  Second  Normalizing  Flemerit  Cor  print  I  |  ]  | 

(Default  Option  -  No  Second  *r-yL?  it irKJ 

Normalization)  ' 354  ^  26 


7.  Control  for  Guess  Vector  Iteration  Start 
Column  rteratlon  Start  •*  6 
Wow  Iteration  Start  :  1 

(Default  Option  -  Column  Iteration  Start) 


Figure  III-K.7  Dynamics  Information,  Critical  Buckling  Load 
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;j-K.8  External  Load*.  Critical  Buckling  Load 


•ON  SDId 


MflKftN 

1N3M313 


KJMMiMMMi— IggaMXiU^E^r^E-^C^l^l 


|  111  I  Figure  III-K.9  Element  Control  Data,  Critical  Buckling  Load 

If -ELEMENT  CONTROL  DATA  MUST  BE  CONTINUED  ON  SECOND  SHEET, 

USER  MUST  DELETE  ELEM  LABEL  CARD  FROM  SECOND  SHEET.  4 77 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


Figure  III -K. 10  Element  Input,  Critical  Buckling  Load 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 


INPUT  DATA  FORMAT 

CHECK  OR  END  CARD 


H 

I 

c|k  (') 

I  t  3 

M  $ 

& 

N 

» 

(') 

1  t  3 

Figure  III-K.ll  End  Card,  Critical  Buckling  Load 
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The  displacements  resulting  from  the  applied  loading 
are  displayed  in  Figure  III-K.19* 

It  is  noted  that  the  displacements  (U,  V,  W,  THETAX, 
THETAY,  THETA2)  are  output  corresponding  to  node  point  numbers 
and  are  referenced  to  the  global  axis  unless  otherwise  specified. 

Stresses  for  selected  quadrilateral  plate  elements 
are  presented  in  Figures  III -K. 20  and  III-K.21.  Stresses  for 
Element  No.  1  are  presented  in  Figure  m-K.20.  Centroidal  stresses 
are  output  at  STRESS  POINT  1. 

The  lowest  buckling  load  and  associated  node  shape 
is  presented  in  Figure  III-K.22. 

In  Figure  III-K.22,  the  interpretation  of  the 
predicted  result  for  Eigenvalue  1  is  as  follows: 

The  relation  governing  the  prediction  of  stability 

is  as  follows: 

-  (f-  )  fJj 

>■  cr  ' 


I  K  I  =  Inverse,  Asserbled  and  Reduced  Stiffness 
J  Matrix 

[N]  =  Assembled  and  Reduced.  Incremental  Matrix 

P  =  Applied  Load  Level 

Pcr  »  Critical  Buckling  Load 

Extracting  the  largest  eigenvalue  from  the  above 
relation  yields  the  lowest  buckling  load. 

For  this  application 


-p —  =  Eigenvalue  1  -  0.95970668  E-2  - 

*cr 

Therefore  P__  =  - - - - -  104.20  lb/in. 

cr  0.95^70068  E-2 

From  Reference  17 ,  tne  critical  buckling  load  for 
this  application  is  given  as  105.91  lb/ln.  The  error  between  the 
finite  element  solution  and  the  alternate  analytical  '  olution  is 
less  than  two  percent  for  this  idealization. 
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MAGIC  ABSTRACTION  INSTRUCTION  LISTING 


PAGE  1 


M‘<ST*‘Jf  TIJM  STABILITY 


C 

( - STABILITY  AGENDUM  ANALYSIS 

r 

(  STABILITY  ANALYSIS  INSTRUCTION  SEQUENCE 
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FIGURE  III-if.14  GRIDPOINT  COORDINATE  DATA  OUTPUT,  CRITICAL  BUCKLING  LOAD  (CORTINUED 
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FIGURE  III-K.X6  FINITE  ELEMENT  DESCRIPTION  OUTPUT,  CRITICAL  BUCKLING  LOAD 
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FIGURE  III-K.16  FINITE  ELEMENT  DESCRIPTION  OUTPUT,  CRITICAL  BUCKLING  LOAD  (CONTINUED) 
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FIGURE  III-K.18  LOAD  OUTPUT,  CRITICAL  BUCKLING  LOAD 
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FIGURE  IU-K.22  LOWEST  BUCKLING  LOAD  AL'D  A3S0f’ 7AT53>  MODS 
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L.  PORTAL  FRAME  (Vibration  Analysis  with  Condensation) 

A  portal  frame  is  shown  in  Figure  I1I-L.1  along  with 
its  dimensions  and  pertinent  material  properties.  This  example 
demonstrates  the  use  of  the  DYNAMICSC  Abstraction  Instructions. 

A  mode  and  frequency  analysis  is  performed  using  the  technique 
of  condensation  (Guyan  reduction). 

The  preprinted  input  data  forms  associated  with 
this  example  are  displayed  in  Figures  III-L.2  thru  III-L.ll. 

In  Figure  III-L.3,  Material  Tape  Input  Section,  note 
that  the  mass  density  value  is  entered  in  columns  55  thru  64. 

This  is  a  required  entry  in  vibration  analyses  as  this  value 
is  used  in  generating  consistent  mass  matrices  at  the  element 
level . 

In  Figure  TII-L.6,  Boundary  Condition  Section,  note 
that  certain  degrees -ol-  freedom  at  selected  grid  points  are 
eliminated  (condensed)  by  means  of  Guyan  reduction.  For  example, 
at  Grid  Point  Number  2  ,  the  V  and  the  Qz  degree-of-freedom  are 
eliminated.  This  is  accomplished  by  entering  the  integer  '2' 
opposite  Grid  Point  Number  (g)  in  the  locations  corresponding  to 
V  and  Qz  .  As  further  examples,  the  9*  degree  of  freedom  is 
eliminated  (condensed)  at  Grid  Points  Q) ,  (4)  and @  respectively. 

In  the  DYNAM  Section  (Figure  III-L.7)  note  that  the 
first  five  eigenvalues  and  eigenvectors  are  requested  for  this 
analysis . 

In  Figure  III-L.10  (Element  Input)  it  is  noted  that 
only  the  MODAL  entry  is  used.  This  means  that  all  of  the  Frame 
Elements  used  in  this  analysis  have  identical  Element  Input  as 
follows; 

O 

Location  A  -  Cross-Sectional  Area  (A)  =  18.0  in 

4 

Location  B  -  Area  Moment  of  Inertia  ( T_)  =  13.5  in 

zz  2i 

Location  C  -  Area  Moment  of  Inertia  (I  )  =  13.5  in 

Location  D  -  Torsional  Moment  of  Inertia  (J)  =  27.0  in4 

The  output  supplied  by  the  MAGIC  System  for  the 
portal  frame  vibration  analysis  is  as  follows. 

Figure  III -L. 12  shows  the  matrix  abstraction  instructions 
(DYNAMICSC)  associated  with  this  particular  problem.  A  complete 
discussion  of  these  instructions  is  provided  on  pages  87  thru  90 
of  this  report. 
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Figure  III-L.4  System  Control  Information,  Portal  Frame 
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If  coordinate  information  mutt  be  continued  on  sccona  sheet, 
user  MUST  delete  Ccord.  Label  Cord  from  tecond  sheet. 


Figure  III-L.5  Gridpoint  Coordinates, 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 

BOUNDARY  CONDITIONS 

INPUT  CODE  -  0  ■  No  Displacement  Allowed  ( 
t  •  Unknown  Displacement  ; 

2  ■  Known  Displacement  j 


Figui'e  III-l.6  Boundary  Conditions,  Portal  Frame  502 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


DYNAMICS  INFORMATION 


<  >  t  4  I  I 


1.  Number  of  Eigenvalues  Requested 
(l, ess  than  or  Equal  to  20) 


m 


.  Convergence  Criteria  (Floating 
Point) 

(Default  Option  -  0.001) 


3.  Maximum  Number  of  Iterations 

(Default  Option  -  500  iterations) 


cm 

15  16  17 


4.  Debug  Iteration  Print 
Iteration  Print  ON  =  1 
Iteration  Print  OFF  -  0 
(Default  Option  -  Print  OFF) 


5.  First  Normalizing  Element  for  print 
(Default  Option  -  No  FI  Hit 
Normal  I  /.at  I  on) 


am 

lo  Do  ;•!  .  :• 


6.  Second  Norrnuli /.ing  Element  for  Print 
(Default  Option  -  No  Second 
Normalization) 


7.  Control  for  Guess  Vector  Iteration  Start 
Column  Iteration  Start  =  0 
Row  Iteration  Start  =  1 
(Default  Option  -  Column  iteration  Start) 


Figure  IH-L.7  Dynamics  Information,  Portal  Frame 
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Figure  Ill -1.9  Element  Control  Data.,  Portal  Frame 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


Figure  III-L.10  Element  Input,  Portal  Frame 
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Figure  II I -L. 11  End  Card, 


Portal  Frame 
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Figures  IIJ-L.13  thru  II1-L.16  display  the  output 
i'ro:n  the  Structural  Systems  Monitor.  These  figures  record  the 
input  data  pertiment  to  the  problem  being  solved. 

Figure  ITI-L.14  displays  the  coordinate  and  boundary 
condition  information.  In  the  Boundary  Condition  Information 
Section  of  the  figure,  zeros  (’O’)  represent  degrees-of-freedom 
that  are  fixed,  ones  (’l1)  represent  degrees-of-freedom  that  have 
unknown  values  of  displacement  and  twos  (’21)  represent  degrees- 
of-freedom  chat  are  to  be  condensed  (eliminated)  from  the  system. 
The  last  two  columns  list  the  cumulative  total  of  ones  and 
twos  for  this  analysis.  Note  that  for  this  case,  a  total  of  7 
degrees-of-freedom  are  condensed  from  the  system. 

MAGIC  System  output  of  final  results  is  displayed 
in  Figures  I1I-I..17  thru  1TI-L.24. 

Figure  Jil-L.l?  shows  the  reduced  (uncondensed) 
stiffness  matrix  for  this  problem.  The  stiffness  matrix  is 
presented  row-wise  and  is  shuffled  so  that  the  degrees-of-freedom 
corresponding  to  ones  ('1')  occupy  the  first  eight  rows  and  columns 
of  the  matrix  while  the  degrees-of-freedom  associated  with  twos 
('2' 'l  occupy  the  last  seven  rows  and  columns  of  the  stiffness 
matrix. 


Figure  1II-L.18  displays  the  reduced  (uncondensed) 
mass  matrix  for  this  problem.  Note  that  its  ordering  is  consistent 
with  the  Stiffness  Matrix  of  Figure  III-L.17. 

Figures  I7I-L.19  and  III-L.20  display  selected  mode 
shapes  and  frequencies  for  this  application. 

Figure  III-L.19  displays  the  results  predicted  for  the 
first  natural  frequency  and  its  associated  mode  shape.  In  an 
analogous  manner,  Figure  III-L.20  displays  the  fifth  predicted 
natural  frequency  with  its  associated  mode  shape. 

Note  that  for  both  cases,  the  mode  shape  is  normalized 
on  the  largest  element  contained  in  the  eigenvector. 

Figure  III-L.21  displays  the  generalized  mass  and 
stiffness  matrices  for  this  application.  Note  the  diagonal 
nature  of  these  matrices  which  verifies  the  orthogonality  of 
the  predicted  eigenvectors. 
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Figure  III-L.22  displays  the  dynamic  matrix 
(MATRIX  DYNAM) .  This  matrix  is  the  product  of  the  following: 

[dymam]  =  [xR]  [mr] 

where  f is  the  reduced,  condensed  stiffness  matrix 
L  RJ  (8  x  8) 

and [mrJ  is  the  reduced  condensed  mass  matrix  (8  x  8) 


As  final  items  of  information,  Figures  III-L.23  and 
III-L.24  display  the  reduced  condensed  stiffness  matrix  (MATRIX  KR) 
and  mass  matrix  (MATRIX  MR)  respectively.  These  matrices  are 
of  the  order  8x8  since  a  total  of  7  degrees-of-freedom  were 
condensed  from  the  system  in  this  particular  analysis. 
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APPENDIX  I 


MAGIC  ERROR  MESSAGES 


The  following  is  a  list  of  all  MAGIC  error  messages. 
The  list  is  divided  into  three  sections.  The  first  section 
contains  all  Format  error  messages  (Reference  6)  and  is 
divided  into  two  parts,  the  preprocessor  error  message, 
and  the  execution  error  message.  The  second  section  contains 
error  messages  from  all  arithmetic  and  non-arithmetic  modules 
developed  to  be  used  in  conjunction  with  the  structural 
generative  module.  The  third  section  contains  error  messages 
generated  by  the  structural  generative  system  itself,  which 
is  the  . USER04.  module.  In  each  section  the  error  messages 
are  in  alphabetic  order.  The  error  message  codei-  are 
significant  in  that  the  first  six  characters  identify  the 
subroutine  from  which  the  error  message  eminates.  The 
occurrence  of  ****  in  the  error  message  indicates  that 
additional  descriptive  information  will  be  supplied. 
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SECTION  1.  FORMAT  ERROR  MESSAGES 


ALOCOI  INSUFFICIENT  STORAGE  FOR  ALLOCATION 

The  number  of  v/ords  of  working  storage  available  to  the 
allocator  is  less  than  the  minimum  required  for  complete 
allocation  of  this  job.  This  condition  can  be  remedied  by 
reducing  the  number  of  abstraction  instructions. 

ALOC02  INVALID  NO.  OF  MASTER  INPUT /OUTPUT  DATA  SETS  SPECIFIED 

The  number  of  master  input  data  sets  and/or  master  output 
data  sets  specified  on  "INPUT  TAPE"  or  "OUTPUT  TAPE"  cards  is 
greater  than  the  number  of  master  input  and/or  master  output 
data  sets  defined  in  the  machine  resources  area  as  being 
available  to  FORMAT  II.  This  condition  can  be  remedied  by 
reducing  the  number  of  "INPUT  TAPE"  and/or  "OUTPUT  TAPE" 
cards . 

ALOC03  INSUFFICIENT  UTILITY  DATA  SETS  FOR  ALLOCATION 

The  number  of  data  sets  with  the  FORMAT  II  system  function 
IOUTIL  is  less  than  the  minimum  number  required  by  the  FORMAT 
II  Preprocessor  during  the  preprocessing  phase.  This  condition 
can  be  remedied  by  reducing  the  number  of  "INPUT  TAPE"  or 
"OUTPUT  TAPE"  cards  used  in  this  job  or  by  modifying  the  machine 
resources  area,  (i.e.,  define  additional  data  sets  with  the 
FORMAT  II  system  function  IOUTIL. 

ALOCO'I  MASTER  OUTPUT  DATA  SET  ******  SPECIFIED  IN  SAVE 
INSTRUCTION  NOT  DEFINED 

A  "SAVE"  instruction  in  the  abstraction  instruction  sequence 
refers  to  a  master  output  data  set  name  which  has  not  been 
defined  on  an  "OUTPUT  TAPE"  card.  This  condition  can  be  remedied 
by  including  the  appropriate  "OUTPUT  TAPE"  card  in  the  job. 

ALOC05  MASTER  INPUT  DATA  SET  ******  HAS  NOT  BEEN  MOUNTED 

The  FORMAT  II  allocator  has  not  been  able  to  locate  a  master 
input  data  set  which  has  been  specified  on  an  "INPUT  TAPE"  card. 
This  condition  is  usually  caused  by  mounting  the  correct  master 
input  data  set  on  the  wrong  unit  or  by  misspelling  the  name  of 
a  properly  mounted  data  set  on  the  "INPUT  TAPE"  card. 
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AI.OC06  MATRIX  ******  IS  NON-EXISTENT 

A  matrix,  which  appears  in  the  abstraction  instruction 
sequence  and  which  has  not  been  created  in  the  abstraction 
instruction  sequence  prior  to  its  use,  has  not  been  card  input 
and  does  not  appear  on  any  master  input  data  set.  This  con¬ 
dition  can  be  remedied  by  inputting  the  required  matrix. 

ALOC07  DUPLICATE  MATRICES  ******  IN  MATRIX  DATA 

Two  or  more  matrices  with  the  same  name  have  been  card 
input.  This  condition  can  be  remedied  by  ensuring  that  all 
card  input  matrices  have  unique  names. 

ALOC08  CREATED  MATRIX  ******  IS  CARD  INPUT 

A  matrix  which  is  created  in  the  abstraction  instruction 
sequence  has  the  same  name  as  a  matrix  which  is  card  input. 

This  condition  can  be  remedied  by  removing  the  matrix  in 
question  from  the  card  input  matrix  data. 

ALOC09  SUBSCRIPTS  OP  ******  EXCEED  DIMENSIONS  OP  MATRIX 

The  indices  of  a  scalar  element  to  be  extracted  from  a 
matrix  are  larger  than  the  dimensions  of  that  matrix.  This 
condition  can  be  remedied  by  changing  the  indices  of  the  scalar 
element  specified  in  the  abstraction  instruction  sequence. 

ALOCIO  DUPLICATE  MATRICES  CREATED  —  NAME  ****** 

A  matrix  in  the  abstraction  instruction  sequence  appears 
more  than  once  on  the  left  side  of  an  equal  sign.  This  condition 
can  be  remedied  by  ensuring  that  all  matrix  names,  which  appear 
on  the  left  side  of  an  equal  sign  in  the  abstraction  instruction 
sequence,  have  unique  names. 

AL0C11  MATRIX  ******  IS  USED  MORE  THAN  ONCE  IN  INSTRUCTION  *** 

The  matrix  names  appearing  in  the  indicated  instruction 
in  the  abstraction  instruction  sequence  do  not  have  unique 
names.  This  condition  can  be  remedied  by  ensuring  that  all 
matrix  names  appearing  in  a  given  abstraction  instruction  have 
unique  names. 

AL0C12  CREATED  MATRIX  ******  HAS  BEEN  INPUT 

A  matrix  which  appears  on  the  left  side  of  an  equal  sign 
in  the  abstraction  instruction  sequence  has  the  same  name  as 
a  required  input  matrix.  This  condition  can  be  remedied  by 
either  changing  the  name  of  the  required  input  matrix  or  by 
changing  the  name  of  the  matrix  which  appears  on  the  left  side 
of  the  equal  sign. 
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AL0C13  MATRICES  CREATED  IN  INSTRUCTION  ***  NEVER  REFERENCED 

The  indicated  abstraction  instruction  in  the  abstraction 
instruction  sequence  creates  matrices,  none  of  which  are 
referenced  Jr.  subsequent  abstraction  instructions.  This  con¬ 
dition  can  be  remedied  by  removing  the  indicated  abstraction 
instructions  from  the  abstraction  instruction  sequence. 

AL0C1H  DUPLICATE  STATEMENT  NUMBERS  ****** 

Duplicate  statement  numbers  occur  in  the  abstraction 
instruction  sequence.  This  condition  can  be  remedied  by 
ensuring  that  each  statement  number  occuring  in  the  abstraction 
instruction  sequence  is  unique. 

AL0C15  GO  TO  DESTINATION  ******  IS  MISSING  OR  OCCURS  BEFORE 
IF  TEST 

An  abstraction  instruction  ''IF"  in  the  abstraction 
instruction  sequence  conditionally  transfers  to  a  non-existent 
statement  number  or  transfers  to  a  statement  number  on  an 
abstraction  instruction  which  is  sequentially  earlier  than 
the  "IF"  abstraction  instruction  in  question.  This  condition 
can  be  remedied  by  ensuring  that  all  "IF"  abstraction  instructions 
conditionally  transfer  to  a  statement  number  which  occurs 
sequentially  after  the  "IF"  abstraction  instruction. 

AL0CJ.6  NGN  CONFORMABLE  MATRICES  IN  INSTRUCTION  *** 

Two  matrices  occur  in  the  indicated  abstraction  instruction 
in  the  abstraction  instruction  whose  dimensions  are  such  that 
the  matrix  operation  in  the  indicated  abstraction  instruction 
is  not  defined. 

EXEQC1  THE  FORMAT  SYSTEM  IS  UNABLE  TO  LOCATE  MATRIX  ****** 

This  message  signifies  a  malfunction  of  the  user-coded 
subroutine  which  creases  the  specified  matrix. 

EXEQ02  C0NF0RMAB1LITY  ERROR  IN  INSTRUCTION  CREATING  MATRIX  ****** 

The  matrices  involved  on  the  right  side  of  the  equals 
sign  in  the  instruction  creating  the  specified  matrix  are 
unconformable . 
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EXEQ03  MATRIX  ******  IS  SINGULAR 


The  matrix  is  singular  in  a  "Solution  of  Equations" 
routine,  i.e.,  in  "STRCUT,"  "SEQEL"  or  "INVERS." 

EXEQ04  AM  ERROR  HAS  OCCURRED  IN  THE  USER  **  MODULE 

An  error  recognized  by  the  indicated  user-coded  subroutine 
has  occurred.  This  will  usually  be  associated  with  incorrect 
definition  of  the  special  data  for  use  by  thesubroutine. 

EXEQ05  AN  IMPROPER  UPDATE  HAS  BEEN  MADE  TO  THE  FORMAT  SYSTEM  - 
EXECUTION  TERMINATED 

A  new  permanent  module  has  not  been  properly  incorporated. 

The  FORMAT  II  systems  analyst  should  be  contacted  if  this  error 
message  occurs. 

EXEQ05  AN  ERROR  HAS  OCCURRED  IN  A  USER-CODED  MODULE,  ERROR 
HAS  BEEN  WRITTEN  BY  MODULE 

An  error  has  occurred  in  a  non-Format  module.  The 
specific  error  has  been  written  by  the  subroutine  in  which 
the  error  was  found. 

EUTL3  THE  SYSTEM  IS  UNABLE  TO  LOCATE  A  MATRIX.  A  TAPE  SUMMARY 
OF  LOGICAL  UNIT  ****  WILL  FOLLOW 

The  Format  system  is  unable  to  locate  a  matrix.  A  tape 
summary  of  the  data  set  on  which  the  matrix  should  have  been 
is  printed  out.  The  name  of  the  matrix  will  appear  in  the 
next  error  message. 

INST01  ILLEGAL  OPTION  SPECIFIED  ON  $ INSTRUCTION  CARD 

An  option  other  than  "SOURCE"  or  "NOSOURCE"  has  been 
specified  on  the  "lINSTRUCTION"  card  cr  a  valid  option  starts 
before  card  column  16  in  the  "$ INSTRUCTION"  card. 

INST02  INVALID  STATEMENT  NUMBER  SPECIFIED 

The  statement  number  which  is  specified  in  card  columns 
1-5  of  the  abstraction  instruction  preceding  this  error  message 
is  composed  of  characters  which  are  not  all  numeric. 

INST03  INVALID  CHARACTER  IN  COLUMN  6 

Card  column  6  of  the  abstraction  instruction  preceding 
this  error  message  contains  a  character  other  than  a  blank  or  zero. 
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INST04  UNRECOGNIZABLE  OPERATION  CODE 

The  operation  specified  In  the  abstraction  instruction 
preceding  this  error  message  is  not  contained  in  the  FORMAT 
II  library  of  valid  operations. 

INST04  SYNTAX  ERROR  IN  -  GPRINT  -  INSTRUCTION 

IN3T04  ILLEGAL  NEGATIVE  INPUT  VALUE  FOR  SUPPRESSION  OF  MATRIX 
ELEMENTS,  ABSOIUTE  VALUE  TAKEN 

The  effective  zero  value  for  suppression  of  element 
print  in  the  GPRINT  instruction  must  be  positive. 

INST04  INVALID  SPECIFICATION  OF  INPUT  MATRICES 

An  incorrect  number  of  input  matrices  has  been  specified 
in  the  GPRINT  instruction. 


INST 04  ILLEGAL  SPECIFICATION  OF  COLUMN  HEADERS 

Incorrect  syntax  in  GPRINT  when  written  column  headers. 

INST 05  SYNTAX  ERROR  IN  -  IF  -  INSTRUCTION 

The  abstraction  instruction  "IF"  which  precedes  this  error 
message  contains  an  unrecognizable  field. 

INST05  SYNTAX  ERROR  IN  -  EPRINT  -  INSTRUCTION 

INST 05  INVALID  PRINT  CONTROL 

The  print  control  In  the  EPRINT  instruction  was  incorrectly 
specified . 

INST05  ILLEGAL  NEGATIVE  INPUT  VALUE  FOR  SUPPRESSION  OF  MATRIX 
ELEMENTS,  ABSOLUTE  VALUE  TAKEN 

The  effective  zero  value  for  suppression  of  element  Drint 
in  tne  EPRINT  INSTRUCTION  must  be  position. 

INST05  ILLEGAL  SUPPRESSION  OF  PARAMETER 

The  code  indicating  either  stress  or  force  matrices  to 
be  printed  has  been  omitted. 
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INST06  SYNTAX  ERROR  IN  -  PRINT  -  INSTRUCTION 

The  abstraction  instruction  "PRINT"  which  precedes  this 
error  message  contains  an  unrecognizable  field. 

INST07  SYNTAX  ERROR  IN  -  SAVE  -  INSTRUCTION 

The  abstraction  instruction  "SAVE"  which  precedes  this 
error  message  contains  an  unrecognizable  field. 

TNST08  OPERATION  CODE  NOT  INCLOSED  BY  PERIODS 

The  operation  code  in  the  abstraction  instruction  preceding 
this  error  message  is  not  inclosed  by  periods. 

INST09  SYNTAX  ERROR  IN  ARITHMETIC  INSTRUCTION 

The  arithmetic  abstraction  instruction  preceding  this 
error  message  contains  an  unrecognizable  field. 

IMST10  THIS  INSTRUCTION  IS  NOT  AVAILABLE 

An  incomplete  modification  to  the  instruction  card  processor 
area  has  been  made.  The  FORMAT  II  systems  analyst  should  be 
notified  immediately. 

INST43  INVALID  SPECIFICATION  OF  PARAMETERS 

A  syntax  error  has  occurred  in  the  DEJOIN  instruction. 

INST *13  -  INVALID  INDEX  SPECIFIED 

Parameter  specifying  row  or  column  dejoin  is  illegal. 

INSTfJ3  INVALID  MATRIX  NAME 

The  DEJOIN  instruction  contains  one  invalid  matrix 

name . 

MATR01  UNRECOGNIZABLE  OPTIONS  ON  $MATRIX  CARD  STANDARD  OPTIONS 
USED  WARNING  ONLY 

An  option  other  than  "LIST",  "NOLIST",  "PRINT"  or  •"NOPRINT" 
has  been  specified  on  the  "$MATRIX"  card  or  a  valid  option 
starts  before  column  16  on  the  "$MATRIX"  card. 


MATR02  CARD  FOLLOWING  ^MATRIX  CONTROL  CARD  IS  NOT  A  HEADER 
CARD  OR  HAS  -  ii  -  MISSING  IN  COLUMN  1 

The  first  card  following  the  "^MATRIX'1  card  must  be  the 
header  card  of  the  first  card  input  matrix.  All  data  up  to 
the  first  header  card  will  be  ignored. 

MATR03  NAME  ON  DATA  CARD  IS  DIFFERENT  FROM  NAME  ON  HEADER 
CARD.  THIS  MATRIX  WILL  BE  IGNORED 

The  matrix  header  card  and  all  associated  matrix  data  must 
have  the  same  name  in  card  columns  67-72. 


MATRON  ROW  AND/OR  COLUMN  VALUE  EXCEED  MATRIX  SIZE,  IS  NEGATIVE 
OR  IS  ZERO  AND  VALUE  IS  NONZERO.  THIS  MATRIX  WILL  BE 
IGNORED. 

An  element  specified  in  the  matrix  card  input  data  is  out¬ 
side  the  dimensions  of  the  matrix,  of  wh.i  ch  it  is  supposed  to 
be  an  element. 


MATR05  MATRIX  EXCEEDS  ALLOTTED  STORAGE. 
IGNORED. 


[“HIS  MATRIX  WILL  BE 


The  number  of  words  of  working  storage  available  to  tno 
matrix  card  reader  module  is  less  than  the  number  of  woi-ds 
necessary  to  contain  all  the  nonzero  elements  in  one  of  the 
card  input  matrices.  The  number  of  words  of  working  storage 
required  for  a  given  matrix  is  approximately  three  (3)  times 
the  number  of  nonzero  elements  in  the  matrix.  This  condition 
can  be  remedied  by  decreasing  the  number  of  nonzero  elements 
in  the  card  input  matrix. 

MATH 0 6  DUPLICATE  I-J  VALUES  ENCOUNTERED.  THIS  MATRIX  WILL  BE 
IGNORED.  I  =  ****  J  =  **** 


Two  or  more  values  have  been  specified  for  the  same  matrix 
element  in  the  matrix  card  input  data.  This  condition  can  be 
remedied  by  ensuring  that  each  matrix  element  has  a  unique  set 
of  I  -  J  values. 


MATR07  I  VALUE  ON  HEADER  CARD  EXCEEDS  ALLOTTED  SIZE  OR  IS  LESS 
THAN  OR  EQUAL  TO  ZERO.  THIS  MATRIX  WILL  BE  IGNORED. 

The  number  of  rows  specified  in  the  header  card  of  a  card 
input  matrix  is  greater  than  the  maximum  number  of  rows  permitted 
in  a  matrix  which  is  processed  by  the  FORMAT  II  system,  or  is 
less  than  or  equal  to  zero.  This  condition  can  be  remedied  by 
reducing  the  dimensions  of  the  card  input  matrix. 
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MATR08  J  VALUE  ON  HEADER  CARD  EXCEEDS  ALLOTTED  SIZE  OR  IS  LESS 
THAN  OR  EQUAL  TO  ZERO.  THIS  MATRIX  WILL  BE  IGNORED. 

The  number  of  columns  specified  in  the  header  card  of  a 
card  input  matrix  is  greater  than  the  maximum  number  of  columns 
permitted  in  a  matrix  which  is  processed  by  the  FORMAT  II  system, 
or  is  less  than  or  equal  to  zero.  This  condition  can  be  remedied 
by  reducing  the  dimensions  of  the  matrix. 

MATR09  FIRST  CHARACTER  OF  MATRIX  NAME  ON  HEADER  MUST  BE 
ALPHABETIC.  THIS  MATRIX  WILL  BE  IGNORED. 

The  matrix  name  which  is  to  be  given  to  a  set  of  matrix 
card  input  data  and  which  is  punched  in  card  column  67—7 2  of 
the  header  card  and  all  associated  data  cards  must  follow  the 
rules  for  valid  matrix  names  as  defined  for  the  FORMAT  II 
system.  The  rule  which  applies  in  this  case  is  that  the  first 
character  of  a  matrix  name  must  be  alphabetic. 

MATR10  ILLEGAL  CARD  ENCOUNTERED.  FOLLOWING  CARDS  IGNORED  UNTIL 
ANOTHER  -  $  -  CONTROL  CARD  IS  FOUND. 

A  card  has  been  encountered  in  the  matrix  card  input  data 
which  has  an  illegal  character  punched  in  card  column  1.  The 
only  valid  characters  which  may  appear  in  card  column  1  are  "H", 
"E",  and  blank. 

MATR11  CARD  FOLLOWING  E  CARD  IS  NOT  A  $  CONTROL  CARD  -  WARNING 
ONLY. 

In  a  valid  FORMAT  II  deck  setup  the  only  cards  which  may 
follow  the  "E"  card  which  is  the  last  card  in  the  matrix  card 
input  data,  are  the  "$SPECIAL"  card  and  the  "$END"  card. 

MRES01  FIRST  CARD  IS  NOT  A  -  $  -  CONTROL  CARD 

The  first  card  of  all  FORMAT  II  jobs  must  be  a  "$MAGIC" 
or  a  "$FCRMAT"  card. 

MRES02  FIRST  -  $  -  CONTROL  CARD  IS  NOT  A  $MAGIC  CARD.  ALLOCATION 
SUPPRESSED 

The  first  card  of  all  FORMAT  II-  jobs  must  be  a  "$MAGIC" 
or  a  "$FORMAT"  card. 
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MRES03  UNRECOGNIZABLE  OPTION  ON  -  $MAGIC  CARD  STANDARD 
OPTION  ASSUMED 

An  option  other  than  "NEW",  "STANDARD"  (or  blank)  or 
"CHANGE"  has  been  specified  on  the  "$MAGIC"  card  or  a  valid 
option  starts  before  column  16  on  the  "$MAGIC"  card. 

MRES014  ILLEGAL  CARD  FOR  -  CHANGE  -  OPTION  -  ALLOCATION 
SUPPRESSED 

The  "DELETE"  card  and  the  "UPDATE"  card  are  the  only 
valid  machine  resources  data  cards  which  are  .alid  when  the 
"CHANGE"  option  has  been  specified  on  the  "^FORMAT"  card.  The 
"SETUP"  card  is  the  only  valid  machine  resources  data  card 
which  is  valid  when  the  "NEW"  option  has  been  specified  on 
the  "$FORMAT"  card. 

MRES05  THE  SYSTEM  INPUT  DATA  SET  OR  OUTPUT  DATA  SET  HAS  BEEN 
SPECIFIED  AS  A  FORMAT  II  SYSTEM  FUNCTION 

Two  Fortran  logical  data  sets  which  must  not  be  specified 
on  "UPDATE",  "DELETE",  or  "SETUP"  cards  are  the  system  input 
data  set  and  the  system  output  data  set. 

MRES06  DUPLICATE  DATA  SETS  SPECIFIED  -  ALLOCATION  SUPPRESSED 

A  Fortran  logical  data  set  has  been  specified  more  than 
once  on  "SETUP"  or  "UPDATE"  cards. 

MRES07  INVALID  *«**  VALUE  DETECTED  ALLOCATION  SUPPRESSED 

An  invalid  field  has  been  specified  on  an  "UPDATE"  or 
"SETUP"  card.  The  valid  fields  are  as  follows.  The  first 
field  must  contain  the  logical  data  set  number  (an  integer). 

The  second  field  a  valid  FORMAT  II  system  function  (e.g., 
"MASTRI" ,  "MASTRO",  or  "IOUTIL").  The  third  field  must 
contain  the  physical  device  containing  the  data  set.  The 
valid  specifications  in  the  field  are  "TAPE",  "DISK",  "DRUM" j 
or  "CELL".  The  fourth  field  must  contain  the  logical  channel 
designation.  This  consists  of  a  letter  A  to  H.  The  fifth 
field  must  contain  the  capacity  of  the  data  set  in  basic 
machine  units  (e.g.,  bytes,  etc.).  This  field  must  be  an 
integer  number.  The  error  message  indicates  which  of  the  five 
fields  is  in  error. 

MRES08  INCORRECT  SETUP  OR  UPDATE  CARD  ALLOCATION  SUPPRESSED 

A  missing  field  has  been  detected  on  a  "SETUP"  or  "UPDATE" 

card. 


MRES09  INSUFFICIENT  I/O  UTILITY  DATA  SETS  -  ALLOCATION 

•  SUPPRESSED 

A  minimum  number  of  Fortran  logical  data  sets  available 
to  FORMAT  II  must  have  the  FORMAT  II  system  function  of  "IOUTIL" . 
The  FORMAT  II  preprocessor  selects  several  of  the  data  sets  with 
this  function  for  scratch  data  sets  during  preprocessing.  This 
condition  can  be  remedied  by  specifying  additional  data  sets  on 
"SETUP"  or  "UPDATE"  cards  with  the  FORMAT  II  system  function 
"IOUTIL". 


MRES10  ILLEGAL  DEVICE  SPECIFIED  FOR  MASTER  INPUT  DATA  SET 

The  only  valid  device  types  which  may  be  specified  for  a 
FORMAT  II  data  set  whose  system  function  is  "MASTRI"  are 
"TAPE"  and  "DISK".  A  "SETUP"  or  "UPDATE"  card  is  the  source 
of  the  error. 


MRES11  ILLEGAL  DEVICE  SPECIFIED  FOR  MASTER  OUTPUT  DATA  SET 

The  only  valid  device  types  which  may  be  specified  for  a 
FORMAT  II  data  set  whose  system  function  is  "MASTRO"  are 
"TAPE"  and  "DISK".  A  "SETUP"  or  "UPDATE"  card  is  the  source 
of  the  error. 


PREP01  INVALID  CONTROL  CARD  OR  INCORRECT  DECK  SETUP 

The  FORMAT  II  preprocessor  has  encountered  a  control  card 
which  is  unrecognizable  or  which  is  valid  but  does  not  occur 
in  its  proper  place.  Recommended  corrective  action  is  to  che^k 
the  spelling  of  all  control  cards  and  check  the  deck  set  up. 

PREP02  NOT  A  -  $  -  CONTROL  CARD..  CARD  IGNORED 

When  an  invalid  control  card  is  encountered  or  incorrect 
deck  setup  is  recognized,  the  preprocessor  searches  for  the 
next  "$"  control  card. 

PREP03  PREPROCESSING  TERMINATED  EXECUTION  HALTED 

Whenever  a  serious  error  occurs  the  preprocessing  is 
terminated  and  a  "NOGO"  condition  is  established. 

PR0BG1  UNRECOGNIZABLE  OPTION  ON  -  $RUN  -  CARD.  STANDARD 
OPTION  USED. 

An  option  other  than  "GO",  "NOGO",  "LOGIC"  or  "NOLOGIC" 
has  been  specified  on  the  "$RUN"  card  or  .a  valid  option  starts 
before  column  16  In  the  "$RUN"  card. 


PROB02  CONTRADICTORY  EXECUTION  OPTIONS  -  ALLOCATION  SUPPRESSED 

The  options  "GO"  and  "NOGO"  have  been  specified  on  the 
"$RUN"  card. 

PROB03  CONTRADICTORY  LGOIC  OPTIONS  -  ALLOCATION  SUPPRESSED 

The  options  "LOGIC"  and  "NOLOGIC"  have  been  specified  on 
the  "$RUN"  card. 

PROBOJl  MISSING  LEFT  PARENTHESIS  -  ALLOCATION  SUPPRESSED 

A  problem  specification  data  card  has  a  missing  left 
parenthesis . 

PROB05  UNRECOGNIZABLE  CARD 

A  problem  specification  data  card  is  unrecognizable.  The 
valid  oroblem  specification  data  cards  are  the  "ANALYSIS"  card, 
the  "PROBLEM"  card,  the  "PAGE  SIZE"  card,  the  "INPUT  TAPE"  card, 
and  the  "OUTPUT  TAPE"  card. 

PROB06  MISSING  COMMA  ON  MASTER  I/O  TAPE  CARD  -  ALLOCATION 
SUPPRESSED 

There  is  a  missing  field  on  an  "INPUT  TAPE"  card  or  on 
an  "OUTPUT  TAPE"  card  in  the  problem  specification  data. 

PROB07  ILLEGAL  MASTER  I/O  DATA  SET  NAME  -  ALLOCATION  SUPPRESSED 

The  master  input  or  master  output  data  set  name  which  has 
been  specified  on  'INPUT  TAPE"  card  or  on  "OUTPUT  TAPE"  card 
in  the  problem  specification  data  is  invalid.  Master  Input/Output 
data  set  names  follow  the  same  rules  as  matrix  names.  In 
particular,  the  name  must  be  1-6  characters  long  and  the  first 
character  must  be  alphabetic. 

PROB08  ILLEGAL  INTEGER  ON  MASTER  I/O  TAPE  CARD 

The  second  field  of  an  "INPUT  TAPE"  or  "OUTPUT  TAPE"  card 
in  the  problem  specification. data  is  not  ar.  integer  number. 

PROB09  ILLEGAL  PAGE  SIZE  -  ALLOCATION  SUPPRESSED 

An  invalid  page  size  has  been  specified  on  the  "PAGE  SIZE" 
card  in  the  problem  specification  data.  The  valid  page  sizes 
are  "11  *  8",  "8  *  11"  and  "14  *  11". 


PROBIO  MASTER  INPUT  OR  OUTPUT  DATA  SET  USED  PREVIOUSLY 

All  master  input  and  output  data  set  names  as  specified  on 
"INPUT  TAPE"  and  "OUTPUT  TAPE"  cards  in  the  problem  specification 
data  must  be  unique. 

PR0B11  INVALID  SIZE  SPECIFIED  ON  SIZE  CARD 

An  integer  number  must  be  specified  in  the  only  field  of 
the  "SIZE"  card. 


SECTION  2. 


MISCELLANEOUS  ARITHMETIC  MODULE  ERROR  MESSAGE 


ASSEM 


ASSEMC 


ASSEMS 


COLREP 


DEJNC 


DEJNR 


DEJOIN 


The  order  of  the  assembled  -  unreduced  system, 

NSYS  =  #*###,  ’che  maximum  size  system  can 
only  -  *****  D.O.F. 

The  variable  KONST  in  subroutine  MRES  must  be 
updated  to  allow  the  user  to  assemble  a  system 
with  NSYS  degrees  of  freedom. 

Element  number  #*#**,  generated  a  LISTEL  value 
of  »#»#»,  while  NSYS  =  **»**. 

If  this  error  occurs  see  the  MAGIC  system  analyst. 

Must  update  the  dimension  of  the  list  and  format 
arrays  to  allow  for  *****  degrees  of  freedom. 

The  dimension  of  two  arrays  in  subroutine  ASSEMS 
must  be  updated  to  assembl;  more  degrees  of  freedom 
Inan  allowed.  If  this  error  occurs  see  the 
MAGIC  system  analyst. 

Input  matrix  ******  exceeds  allowable  size 
IMAX  =  *»«»». 

The  number  of  rows  of  the  input  matrix  exceeds 
the  value  cf  KONST.  IMAX  is  the  number  of  rows 
in  the  input  matrix. 

The  partition  number  =  *****,  is  greater  than 
or  equal  to  the  column  dimension  =  *****  of  the 
input  matrix. 

An  invalid  column  partition  number  has  been 
specified  In  the  DEJOIN  instruction  1  <  JPART  <  ICOL. 

The  partition  number  =  •****,  is  greater  than  or 
equal  to  the  row  dimension  =  *****  of  the  input 
matrix. 

An  Invalid  row  partition  number  has  been  specified 
in  the  DEJOIN  instruction  1  <  JPART  <  IROW, 

Invalid  partition  number  *  ***** 

The  matrix  partition  number  must  be  greater 
than  one. 


EPRINT  -  Unable  to  execute  the  EPRINT  module.  The  work 
array  is  not  long  enough  for  execution. 

The  variable  NWORK  in  subroutine  MRF.S  must  be 
updated  for  more  work  storage. 

EPRINT  -  The  element  information  is  for  element  number 
####  _  g0  to  next  element. 

Unable  to  print  out  stresses  or  forces  for  this 
element,  continue  execution.  If  this  error 
occurs  contact  the  MAGIC  system  analyst 

EPRINT  -  The  number  of  elements  in  the  input  matrices 
are  not  the  same. 

If  this  error  occurs  contact  the  MAGIC  system 
analyst . 

EPRINT  -  Printing  for  element  type  ##**#,  are  not  available, 
proceeding  to  next  element. 

The  EPRINT  module  has  not  been  updated  to  handle 
this  element  type.  Contact  the  MAGIC  system 
analyst . 

F0RCE1  -  Unable  to  execute  the  force  module.  The  work 
array  contains  »»»#»**«  words,  and  *#«#**** 
words  are  needed  to  process  the  maximum  element. 

There  is  not  enough  work  storage  to  calculate 
the  forces  for  all  elements.  The  variable 
NWORK  must  be  updated  in  subroutine  MRES. 

FGRCE2  -  Forces  for  element  type  #***#,  are  not  available, 
proceeding  to  next  element. 

The  FORCE  module  has  not  been  updated  to  handle 
this  element  type.  The  MAGIC  system  analyst  should 
be  contacted  if  this  error  occurs. 

FREEUP  -  The  number  of  matrices  to  be  kept  was  input  as 

MATOUT  *  «*»*#*,  the  number  of  non-zero  elements 
of  MAT  = 

If  this  error  should  occur  contact  the  MAGIC 
system  analyst. 

GPRNT1  -  The  row  dimension  of  TR( transformation  matrix 

for  application  of  boundary  conditions)  =  ###***. 
The  number  of  columns  of  TR  =  #*#»##.  This 
should  equal  row  dimension. 

An  incorrect  matrix  was  input  in  the  • GPRINT. 
instruction. 


0PRNT1 


GPRNT1 


GPRMT1 


GPRNT1 


ST R ESI 


STRES2 


The  analyst  has  asked  for  *****  eigenvalues  to 
be  printed.  Subroutine  GPRINT  allows  a  maximum 
of  *****  values  to  be  printed  -  see  a  program 
analyst  to  correct  this  error. 

Subroutine  GPRINT  must  be  updated  to  allow 
more  eigenvalues  to  be  printed. 

Error  while  processing  matrix  ******. 

An  error  has  occurred  in  the  GPRINT  instruction 
while  processing  matrix  named. 

The  matrix  to  be  printed  has  ******  rows  while 
TR  indicates  that  it  should  have  ******  rows. 

The  input  matrix  to  be  printed  is  incorrect  or  the 
input  transformation  matrix  is  incorrect. 

Eigenvector  matrix  has  *****  eigenvectors, 
while  the  eigenvalue  matrix  has  *****  eigenvalues. 

The  eigenvector  and  eigenvalue  matrices  input 
into  the  GPRINT  instruction  are  not  compatable. 

Unable  to  execute  the  STRESS  module.  The  work 
array  contains  ********  words,  and  ********  words 
are  needed  to  process  the  maximum  element. 

There  is  not  enough  work  storage  t  '  calculate 
the  stresses  for  all  elements.  The  variable 
NWORK  must  be  updated  in  subroutine  MRES . 

Stresses  for  element  type  *****,  are  not  available 
proceeding  to  next  element. 

The  STRESS  module  has  not  been  updated  to  handle 
this  element  type.  The  MAGIC  system  analyst  should 
be  contacted  if  this  error  message  occurs. 
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CHEK 

CONTRL 

CONTRL 

CONTRL 

DEFLEX 

DEFLEX 

DEFLEX 


.USER04.  ERROR  MESSAGES 


Input  section  *****  has  not  been  found.  This 
input  section  is  required  for  generation  of 
the  following  matrices. 

The  named  matrices  cannot  be  generated  due  to 
the  omission  of  the  specified  input  section. 

System  information  card  missing.  Cannot  allocate 
storage . 

All  input  data  decks  must  have  SYSTEM  section 
to  allocate  storage  for  processing  of  input. 

System  information  card  missing.  Cannot 
allocate  storage. 

The  SYSTEM  card  is  missing  from  the  report 
form  input  deck. 

$END  card  encountered  while  reading  . USER04. 
input,  indicating  absence  of  end  or  check  card. 
Check  card  will  be  inserted. 

END  or  CHECK  card  missing  from  report  form  input 
deck. 

•USER04.  Module  unable  to  locate  matrix  »«****. 

The  system  is  unable  to  locate  a  matrix. 

Matrix  ******  does  not  qualify  as  an  input 
displacement  matrix  for  the  .USER04.  module. 
Dimensions  are  *****  by  *****  and  should  be 

#####  by  »*###. 

The  input  displacement  matrix  used  to  calculate 
incrementals  is  of  the  wrong  order. 

Matrix  ******  does  not  qualify  as  an  input 
displacement  or  stress  matrix. 

The  input  matrix  used ’to  calculate  incrementals 
is  of  the  wrong  order.  If  the  matrix  was  a 
stress  matrix  then  it  must  have  been  generated 
using  the  .STRESS,  abstraction  instruction. 
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ELEM 


ELEM 


ELEM 


ELPLUG 


ELEM 


ELEM 


Element  control  error  in  subroutine  ELEM. 

Element  number  ###*#  nails  plug  number  ***. 

Plug  number  should  be  greater  than  zero. 

Execution  terminated. 

All  element  type  code  numbers  are  greater  than 
zero.  Proper  element  type  cannot  be  selected. 

Element  control  error  in  subroutine  ELEM.  Element 
number  *****  has  material  number  ******.  Material 
identification  must  be  different  from  zero. 

Execution  terminated. 

Self-explanatory . 

Element  control  error  in  subroutine  ELEM.  Element 
number  *****  has  number  of  grid  points  =  ***. 

Number  of  grid  points  must  be  greater  than  zero 
and  no  greater  than  eight.  Execution  terminated. 

Self  explanatory. 

Element  input  error  No.  *.  Plug  No  *.  Element 

No.  ****. 

Error  number  1  -  incorrect  plug  number 
(element  type  code) 

Error  number  2  -  incorrect  number  of  elemert 
defining  points 

Error  number  3  -  incorrect  value  for  extra  clement 
input  indicator 

Error  number  4  -  incorrect  matrix  orders  for  element 
(number  of  degrees  of  freedom  per 
point  incorrect) 

Element  control  error  in  subroutine  ELEM.  Element 
number  *****  has  number  of  input  points  =  **. 

Number  of  input  points  must  be  position. 

Execution  terminated. 

Self-explanacory . 

Input  error  in  subroutine  ELEM.  Element  node 
point  is  negative  or  zero  in  element  number  *****. 

No  element  defining  point  number  may  be  negative 
and  only  mid-points  may  be  zero. 
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* 


ELEM 


ELEM 


ELEM 


ELEM 


ELEM 


ELEM 


Input  error  in  subroutine  ELEM,  after  inter¬ 
polation  value  of  Young’s  Modulus  equals 
+,#*######  +  *»  material  number  ****** t 
#*# ###  Value  should  be 
greater  than  1.0.  Execution  terminated. 

Se3  f-explanatcry . 

Input  error  in  subroutine  ELEM,  after  inter¬ 
polation  Poisson  value  equals  +.####*#*#E 
+  **  in  material  number  **#»**,  ************************„ 
Value  should  be  greater  than  -1.0  and  less  than 
1.0.  Execution  terminated. 

Self-explanatory . 

Input  error  in  subroutine  ELEM,  after  inter¬ 
polation  thermal  coefficient  values  equals 
+  **  in  material  number  ##**#*, 
a#*########*#*##*##*#**#,  value  should  be 
greater  than  -1.0  and  less  than  1.0.  Execution 
terminated. 

Self-explanatory . 

Input  error  in  subroutine  ELEM,  after  inter¬ 
polation  rigidity  value  equals  +  .  *#***#**e 
+  **  in  material  number  ****** ,  *#*####*#**»#####**#»*#* . 

Value  should  be  greater  than  1.0.  Execution 
terminated. 

Self-explanatory . 

Input  error  in  subroutine  ELEM.  Mass  density 
value  eouals  +  .  XXXXXXXXE  +  **  in  material 
number  ******,  ************************.  Value 
should  be  greater  than  zero.  Execution  terminated. 

Self-explanatory . 

Input  error  in  subroutine  ELEM.  Value  of 
ip  =  ###,  value  of  IPRE  =  for  element  number 
one.  Request  to  repeat  data  from  element  previous 
to  first  element  is  illogical.  Execution 
terminated. 

IP  and  IPRE  cannot  be  negative  for  first 
element . 
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ELEM 


Input  error  in  subroutine  ELEM.  Element  number 
******  iS  defined  by  node  points  for  which  no 
coordinates  have  been  input.  Calculation  of 
material  temperature  impossible.  Execution 
terminated. 

Self  explanatory. 

ELEM  -  Cannot  locate  material  library. 

The  system  cannot  locate  the  material  library 
matrix . 

ELEM  -  Materia L  error  in  subroutine  ELEM.  Material 

number  ******  was  not  located  on  material 
tape.  Execution  terminated. 

The  specified  material  number  was  not  available 
in  the  material  library. 

ELPLUG  -  Element  input  error  no.  ****,  Plug  Mo.  ****, 

and  Element  No.  ****. 

An  error  has  occurred  in  generation  of  specified 
element . 

Erroi1  No.  =  1  Plug  number  (element  type)  incorrect 

Error  No.  =  2  Number  of  nodes  incorrect 

Error  Mo.  =  3  Number  of  input  element  cards  incorrect. 

FMAT  -  Input  error  in  subroutine  PMAT.  Material 

number  ******,  a#####*###**####*#*#####. 

Number  of  material  temperature  points  is  **. 

Number  of  plastic  temperature  points  is  **. 

Number  of  temperature  points  in  either  case 
cannot  exceed  5*  Execution  terminated. 

Self  explanatory. 

FMAT  -  Input  error  in  Subroutine  FMAT.  Mass  density 

value  equals  +********  +  **  in  material  number 

a#*#####**######**#*##**.  Value  should 
be  non-negative.  Execution  terminated. 

Self-explanatory. 

FMAT  -  Input  error  in  subroutine  FMAT.  Poisson  value 

equals  4  .*#*#*#*#  +  *#  in  material  number 

########*# #]fi< ##*#*## ##*##,  Value  should 
be  greater  than  -1.0  and  less' than  1.0. 

Execution  terminated. 


Self-explanatory . 


FMAT 


Input  error  in  subroutine  FMAT.  Rigidity  value 
equa]s  +  .  +  #*  in  material  number 

*#*»#* s ~*» #**#*»#*## *1T*hhhhhuhhh»  ,  value  should 
be  greater  than  1.0.  Execution  terminated. 

Self-explanatory. 

FMAT  =  Input  error  in  subroutine  FMAT.  Thermal 

coefficient  value  equals  +  ,#*#***##£  +  *# 
in  material  number  ****** ,  a###*######***##*#####*# 

Value  should  be  greater  than  -1.0  and  less  than 
1.0.  Execution  terminated. 

Self-explanatory . 

FMAT  -  Input  error  in  subroutine  FMAT.  Value  of 

Young's  modulus  equals  +  .***»*»«»E  +  ** 
in  material  number  ****** ,  *»»»»*#*«¥'»*» on######** 

Value  should  be  greater  than  1.0. 

Self-explanatory. 

FMAT  -  Error  message  from  subroutine  FMAT.  Attempt 

to  delete  material  number  »*##«*  using  lock 
code  **.  Incorrect  lock  code,  request  ignored 

Self-explanatory . 

FMAT  -  Error  message  from  subroutine  FMAT.  Attempt  to 

delete  material  that  was  not  on  material  tape. 
Material  number  ****** ^  Material  identification 

iS  a######*#**###########*#,  input  code  is  •*#. 
Request  ignored. 

Self-explanatory. 

FMAT  -  Error  message  from  subroutine  FMAT.  Attempt  to 

revise  material  number  *»*»**  using  lock  code  **. 
Input  lock  code  does  not  imatch  tape  lock  code 
for  this  material.  Revisions  or  deletions  not 
allowed  without  proper  lock  code.  Execution 
-  terminated. 

Self-explanatory . 

FMAT  -  Error  message  from  subroutine  FMAT.  Additions 

requested  exceed  capacity  of  material  tape. 

Maximum  number  of  materials  cannot  exceed  #**, 

Self-explanatory. 
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FMAT  -  Error  message  from  subroutine  FMAT.  Request 
for  print  of  material  that  was  not  on  tape. 

Material  number  ****«».  Material  identification 

is  *#*##*###*###**#######**.  input  code  is 
*##.  Request  ignored. 

Self-explanatory . 

FMAT  -  Error  message  from  subroutine  FMAT.  Unrecognizable 

data  input  code.  Legal  codes  are  PI,  PO,  I. 

0,  P,  OUT,  ALL,  SEE,  SUM.  Materia]  number 
**#»#*.  Material  identification  is 

»«««»««*»**«**««««**«»**,  input  code  is  ***. 
Execution  terminated. 

Self-explanatory . 

FMAT  -  Error  message  from  subroutine  FMAT.  Number 

cf  requests  received  is  2ero. 

Number  of  .requests  must  not  be  zero.  Value  of 
zero  indicates  improper  operation  of  program. 

FMAT  -  Error  message  from  subroutine  FMAT.  Attempt  to 

input  plastic  data  only  for  material  which  was 
not  on  tape.  Material  number  ******.  Material 
identification  is  »»##»#*»#*##«#*######*##. 

Input  code  is  *#*.  Request  ignored. 

Usage  of  an  input  code  of  "P"  requires  that  the 
material  to  be  revised  already  exists  in  the 
material  library. 

FMAT  -  New  material  tape  not  generated.  All  revisions 

and/or  deletions  requested  by  this  case  have 
been  ignored. 

Due  to  a  previous  error,  generation  of  a  new 
material  library  has  been  abandoned.  Execution 
will  be  terminated. 

FORMIN  -  Unexpected  label  card  read  -•  point  *#***. 

Input  section  label  card  encountered  wl-’le 
reading  table  form  input.  Point  reflects  entry 
now  being  processed. 

FORMIN  -  Repeat  for  first  point  ignored. 

Repeat  option  on  table  forms  of  report  form 
input  cannot  be  used  for  first  value  entered. 
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FR-KD  -  There  is  a  mistake  in  the  coordinates  for  this 

transformation,  we  will  calculate  the  remaining; 
in  spite  of  this. 

An  error  has  occurred  in  generating  a  grid  point 
axes  transformation  matrix.  Execution  will 
continue . 

Ed.'  I  i  -  The  integral  of  (LN(A+B*X)/X)  DX  is  not  allowed 

for  A+B*X=0.  A  =  +.***»**E  +  **., 

B  =  +  ,##*##*#£  +  *#s  X  =  +  .»****  +  ** 

Natural  log  of  zero  is  undefined. 

INDKCX  -  . USER04 .  input  matrix  ******  is  not  a  valid 

deck  (word  count  error). 

The  specified  matrix  does  not  qualify  as  a 
valid  interpreted  input  deck. 

INDECK  -  .USER04.  input  matrix  ******  is  not  a  valid  deck 

(compression  error). 

The  specified  matrix  does  not  qualify  as  a  valid 
interpretec.  input  deck. 

INPUT  -  Input  error,  number  of  directions  of  grid  points 

not  equal  to  number  of  directions  of  transformation 
matrix.  Execution  terminated. 

Order  of  gri't  point  axes  transformation  matrices 
must  be  equa.  to  three. 

INPUT  -  Input  error,  number  of  reference  points  input 

exceeds  ****. 

Program  cannot  accommodate  more  than  the  given 
number  of  input  points. 

INPUT  -  Label  card  error  *»**»*, 

Input  card  read  should  have  been  label  card. 
Execution  will  be  terminated. 

LOGFLO  -  Logical  input  error  -  matrix  ******  cannot  be 

generated  by  .USER04.  module  due  to  suppression 
of  fourth  input  matrix.  Execution  phase  suppressed. 
Input  processing  continuing. 

The  incremental  matrices  cannot  be  generated 
because  the  input  displacement  or  stress  matrix 
has  been  suppressed. 
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PDISP 


PHASE1 


PHASE 1 


PHASE1 


PHASE1 


PHASE1 


PH  AS  fill 


Input  section  ******  matrix  not  generated  due 
to  prescribed  displacement  conditions  . ME.  1 
and  .LT.  Load  conditions  input. 

The  Prescribed  Displacement  matrix  has  not  been 
generated  because  of  an  illegal  combination  of 
external  load  conditions  and  prescribed  di. place¬ 
ment  conditions. 

Unexpected  blank  label  card  encounter ?d . 

Card  read  should  have  contained  an  input  section 
label.  Input  processor  will  attempt  to  continue. 

Ho  option  has  been  selected  for  request  number 
***  of  material  library. 

Self-explanatory . 

More  than  one  option  has  been  selected  for 
request  number  ***  of  material  liorary.  Only 
the  first  selection  will  be  retained. 

Self-explanatory . 

Maximum  number  of  load  conditions  allowed  is 
100.  This  problem  contains  ****. 

Self-explanatory. 

Load  condition  ***  sub-label  is  incorrect. 

Program  cannot  distinguish  between  load  conditions. 

Load  condition  sub-label  in  report  form  input 
Is  in  error. 

Illegal  MODAL  card  encountered.  Card  will  be 
ignored. 

A  MODAL  card  has  been  found  while  reading  an 
input  section  for  which  no  MODAL  card  has  been 
defined . 

Due  to  previously  encountered  error  condition 
this  section  is  being  skipped.  Program  will 
flush  data  deck  until  next  recognizable  input 
section  is  encountered. 


PHASE 1 


PHASE1 


'nrecognizable  input  section. 


Input  section  label  has  been  read  which  is 
undefined  in  input  processor. 

PHASE1  -  Due  to  above  error  message  this  section  will 
be  omitted  and  check  card  inserted. 

Self-explanatory . 

PHASE2  -  Number  of  entries  read  for  this  section,  #*#*#, 
does  not  agree  with  number  that  was  to  be  read, 
*###*.  Actual  number  read  will  be  used. 

Self-explanatory . 

PHASE2  -  This  section  has  either  been  omitted  or  flushed 
by  phase  one  error.  In  either  case  this  section 
is  considered  critical  and  execution  will  not 
be  allowed. 

Self-explanatory. 

PHASE2  -  Due  to  the  omission  of  this  section  the  following 
sections  may  be  ignored  -  •»****  ******  ******  ... 

The  final  processing  of  certain  sections  requires 
data  from  other  sections  which  by  omission  or 
other  ‘input  error  are  not  present. 

PHASE2  -  This  section  is  to  be  merged  with  ******  and 
******  for  which  values  have  been  assigned  by 
both  for  point  number  *****.  Two  values  cannot 
be  assigned  to  the  same  point.  Neither  value 
will  be  used. 

Self-explanatory. 

PHASF2  -  This  section  is  to  be  merged  with  ******  and 

******  f0r  which  modal  cards  have  been  encountered 
for  both.  Two  values  cannot  be  assigned  to  the 
same  point.  Loth  modal  cards  will  be  ignored. 

Self-explanatory. 

PHASE2  -  Number  of  elements  read  *****  is  greater  than 
9999-  Number  of  elements  will  be  set  at  9999* 

Self  explanatory,  execution  will  be  suppressed. 
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PHASE2 


PHASE2 


PHASE2 


PLUG1 


PLUG  5 


PLUG  5 


PRINT 5 


P7PRT 


No  end  or  check  card  has  been  found.  Check 
card  will  be  Inserted,  suppressing  exec-ution. 

Self-explanatory. 

Due  to  above  error  condition  check  card  will 
be  inserted.  Execution  will  be  suppressed. 

Self-explanatory. 

Internal  tape  error  has  occurred.  Processing 
abandoned. 

Report  form  input  preprocessor  cannot  retrieve 
information  stored  on  a  scratch  data  set. 

Value  of  sin  (alpha)  is  zero  -  run  terminated. 

Element  defining  points  are  in  error  for 
Quadrilateral  Thin  Shell  Element. 

For  I  *  XX  and  N  *  XX  integral  does  not  converge. 

No  convergence  has  been  obtained  for  the  given 
integral  calculated  by  the  Romberg  technique 
in  the  Toroidal  Ring  Element. 

Maximum  number  of  iterations  reached  in  Romberg 
integration  routine. 

Convergence  was  not  obtained  in  15  iterations 
for  an  Integral  in  the  toroidal  thin  shell  element. 
Processing  will  continue,  using  15  iteration 
result. 

Toroidal  ring  element  with  coordinates 


R1  =  +  ,  «»*»#«*»E  +  *«,  R2  «  +  .»•»•##«#£  +  •», 
Z1  «  +  .«»*#**»«£  +  «*,  Z2  «  +  .*»**»*»*  +  *■» 


is  not  diagonally  dominant  anJ  should  be  subdivided. 

Element  stiffness  matrices  must  be  diagonally 
dominant. 

PLUG7  error  -  third  point  to  define  plane  was 
not  given  -  input  error. 

Three  element  defining  points  are  required  for 
the  frame  element,  the  third  supplying  definition 
of  the  plane. 
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TRAIC 


US04A 


USO*»A 


(JSO*JA 


i;so^a 


US04A 


USO^A 


Subroutine  MINV  has  determined  array  GAMABQ 
to  be  singular,  execution  terminated  by 
subroutine  TRAIC. 

Transformation  matrix  to  system  coordinates  in 
triangular  cross-section  ring  element  cannot  be 
inverted,  usually  because  three  element  defining 
points  do  not  define  a  triangle. 

Available  scratch  data  sets  #***  is  less  than 
the  required  4. 

The  .  USERO^i .  module  requires  at  least  four 
scratch  data  sets.  The  addition  of  more  data 
sets  is  required  by  the  program. 

Input  routine,  core  storage  required  ****** 
exceeds  that  available  ******  to  displacement 
method  matrix  generator. 

Blank  common  work  area  is  not  large  enough  for 
processing  input. 

Report  routine  core  storage  required  ****** 
exceeds  that  available  ******  to  displacement 
method  matrix  generator. 

Blank  common  work  area  is  not  large  enough  for 
processing  report  form  input  data. 

Grid  point  loads  matrix  storage  required  ****** 
exceeds  that  available  ******  to  displacement 
method  matrix  generator. 

Blank  common  work  area  is  not  large  enough  for 
generation  of  grid  point  loads  matrix. 

Reduction  of  transformation  matrixes  storage 
******  exceeds  that  available  to  displacement 
method  matrix  generator. 

Blank  common  work  area  is  not  large  enough  for 
generation  of  reduction  transformation  matrix. 

Element  generation  core  storage  required  ****** 
exceeds  that  available  ******  to  displacement 
method  matrix  generator. 

Blank  common  work  area  is  not  large  enough  for 
generation  of  element  matrices. 
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USO*)A  -  Assembly  transformation  matrix  size  ****** 

exceeds  limit  ******  of  MAGIC  system. 

Self-explanatory. 

USO^A  -  Grid  point  load  matrix  size  ******  exceeds 

limit  ******  of  MAGIC  system. 

Self-exp  '.anatory . 

USO^A  -  Reduction  transformation  matrix  size  ****** 

exceeds  limit  ******  of  MAGIC  system. 

Self-exp  Lanatory . 

USO^A  -  Stiffness  matrix  size  ******  exceeds  limit  of 

MAGIC  system. 

Self-explanatory . 

USO^A  -  Stress  matrix  size  ******  exceeds  limit  ****** 

of  MAGIC  system. 

Self-explanatory . 

USO^A  -  Number  elements  size  ******  exceeds  limit  ****** 

ol  MAGIC  system. 

Self-explanatory . 

USO^A  -  Output  matrix  ******  will  be  a  duplicate  of 

input  matrix  ******. 

The  user  is  saving  the  interpreted  input  deck 
when  he  already  has  an  interpreted  input  matrix. 

USOJJB  -  Element  sort  routine  core  storage  required  ****** 

exceeds  that  available  ******  to  displacement 
method  matrix  generator. 

Blank  common  work  area  is  not  large  enough  for 
output  of  generated  matrices. 


